Nove poznatky o ucincich nanocastic
na pracovniky vyroby a vyzkumu

Prof. MUDr. DANIELA PELCLOVA, CSc.

Klinika pracovniho lekarstvi VFN a 1. LF UK,
Praha e



-~

Fy

Nanocastice *
\

Exponencialné stoupa pocet aplikaci perysIdvé
vyrabénych nanocastic — 3 000 komercnich
aplikaci

Prumys| automobilovy, stavebni, elektronika,
textilni, chemicky, kosmetika, medicina - cilené
léky proti onkologickym onemocnénim.
Experimentalni studie — oxidacni stres, zanét,
fibroza plic, kardiovaskularni nemoci, rakovina
Minimum studii u pracujicich po vdechovani
EXISTUJI UCINKY NA CLOVEKA?

LZE JE MONITOROVAT?




NANOCASTICE

* Vysledky vysetrovani exponovanych osob

e 1- Délnici z vyroby titanové béloby

* 2- Utednici ze stejného podniku

* 3- Délnici z vyroby pigmentu s Fe oxidy

e 4-Vyzkumnici s nanokompozitnimi materialy
* Mysi a potkani

 Jini autori o exponovanych pracovnicich




NANOCASTICE (uang2017)  Elicadses

Unikatni fyzikalné-chemické vilastnosti

Vyssi reaktivita a cytotoxicita pri vyssim pozitivnim povrchovém
naboji — vyssi absorpce, vyssi interakce s negativné nabitymi
glykosaminoglykany v membrané, s DNA

Tvar je dulezity - pfi stejném sloZeni — tyCinky jsou agresivnéjsi
Velky pomeér povrchu k celkové hmotnosti

Snadno vstupuji do bunky, mohou prochazet skrze biologické

membrany a bariéry mezi tkanémi
PGsobi zanét a smrt bunék //
Poskozuji nukleové kyseliny R
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OXIDACE
bilkovin, jadernych kyselin a tuku

Cellular
Respiration

Oxidative —>0 - —
Burst 2
4

Environmental
Factors

Oxidace tuku bunéénych membran
(lipidova dvojvrstva)

Protein
Peroxidation

Peroxidation

DNA Damage

by G.P.Eckel
\www.biozentrum.uni-irarreareae/P

armakologie‘

Souhrn experimentalnich udajd ukazuje, Ze nékteré nanocastice pusobi oxidativni
poskozeni lipid( bunéénych membran, proteind, a nukleovych kyselin

Runa 2017: TiO, Nanoparticles Alter the Expression of Peroxiredoxin Antioxidant Genes
Huang 2017: The Toxicity of Nanoparticles Depends on Multiple Molecular and Physicochemical
Mechanisms



MARKERY EFEKTU - OXIDACE LIPIDU
— prima oxidace - ROS

nenasycené mastné kyseliny bunécnych membran

ALDEHYDY
. \ n-hexanal (C6), n-heptanal (C7), C8,..C12 _
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Metabolity nukleovych kyselin

Stavebni soucasti nukleovych kyselin a jejich oxidace
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BILKOVINY = PROTEINY

Produkty oxidace a premeény bilkovin

9 O
N
OH O OH
NH
HO 5
3-Nitrotyrosin
O CPH  —nitrace tyrosinu
0-Tyrosin (oxidace fenylalaninu)
HE
cl
OH

3-Chlorotyrosin —oxidace tyrosinu - HCIO myeloperoxidazou
uvolnénou z leukocyti



Upregulation of
adhesion molecules

@9 e @

Respiratory Epithelium

/ $AHR
/' Smooth Muscle

Macrophage/monocyte

cytokin systémového zanétu
Regulace imunitni odpovedi bunéek

Produkovan hlavné aktivovanymi makrofagy, bunkami
endotelu, myokardu, tukové tkane, fibroblasty,...

Reakce akutni faze — vysoka koncentrace TNF indukuje
zaneét (endogenni pyrogen), horecku, otok, zCervenani,
bolest, ztratu funkce

Protrahovana odpovéd na nizké koncentrace TNF —
apoptoza a smrt bunek, kachexie, ,,wasting syndrome*“
— u pacientu s nadory.



Odber kondenzatu vydech. vzduchu (KVV)

Systém pro neinvazivni sbeér
latek z dychaciho systému
po zkapalnéni zchlazenim
na -10°C (Jaeger).

KVV obsahuje:

1) 99 % zkapalnénou vodni paru

2) kapicky aerosolu tekutiny
z dychacich cest uvolnéné
virenim vzduchu pri stazeni
terminalnich bronchioll v
exspiriu
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e

Metodika KVV e

Horvath et al. 2010

VYHODY NEVYHODY

neboli

15 min dychani obtezuje malo
Ize opakovat

deti, pacienti s nemocemi plic
nesnizuje se kourenim
prenosna

Nizké koncentrace markeru
cena analyz
LC-ESI-MS/MS, proteomika



Analyza vzorku biologického materialu LC/MS/MS

* |dentifikace biomolekul

S Odsoleni a zakoncentrovani vzorkii
Extrakce na pevné fazi

ZPRACOVANI VZORKU ’

' ! o &L
LC-MS ANALYZA 7 4 wy
VZORKU ” Analyza kapalinovou chromatografii
spojenou s hmotnostni spektrometrii
‘ TSQ Vantage, LTQ Orbitrab
KVANTITATIVNI '
A KVALITATIVNI

VYHODNOCENI DAT




Merene latky v kondenzatu
vydechovaného vzduchu

malondialdehyd (MDA) TUKY
4-hydroxy-trans-nonenal (HNE) - cytotoxické a genotoxické aldehydy
4-hydroxy-trans-hexenal (HHE) —kovalentni addukty s NA a proteiny

8-isoProstaglandin F,, (8-isoprostan)

8-hydroxy-2-deoxyguanosin (8-OHdG)
8-hydroxyguanosin (8-OHG) JADERNE KYSELINY
hydroxymethyl uracil (5-OHMeU)

o-tyrosin (o-Tyr)
3-chloro-tyrosin (3-CITyr) BILKOVINY
nitrotyrosin (3-NOTyr)

leukotrieny B4, C4, D4, E4
arachidonova kys. — nestabilni LTA4 4-hydroxylaza — LTB4 (exacerbace CHOPN, koufeni)
LTC4 syntethaza — LTC4, LTD4, LTE4 (bronchospasmus)

Interleukiny,

TNF }%4
Lipoxiny A, B ZANET, ASTMA



1 VYROBA PIGMENTU TiO,

Pocetni koncentrace (P-TRACK)
Hmotnostni koncentrace (Dust-TRACK)

80 % CASTIC v oblasti nano




TiO, - Titania

uziva se ve vice nez 170 zemich
Vice neZ 60 velkych vyrobcd ve svété (kromé Ciny),
rocni vyroba nad 60 000 tun (IARC 2010).

Transparentni opalovaci krémy
Castice velikosti 60-100 nm

Pigment — titania white
80% uziti — barvy, laky, papir, plastické hmoty

Kosmetika - zubni pasty, deodoranty,
opalovaci kremy (az 10% TiO,)

potravinova aditiva E-171
zvykacky, bonbdny, mléko
coffee creamers

36% nano- rozmér

(Weir 2012)




VYROBA PIGMENTU TiO,

Meéreni aerosolu pomoci SMPS a APS
po dobu celé smény na 4 mistech

Mikronizace = mleti
Kalcinace = zahrivani na 900 C

Vell'lny (Zlutd)

40x10°
35

30

3

dN/dlog D, [#/cm ]

251

20

199

velikost castic [nm]

SMPS - scanning mobility particle sizer - VETSINA CASTIC do 100

nm



n Vysetreni 2012 a 2013

Pocet
Expozice osob

TiO, 2012
Pred -sménou ,' j 20 3418 55 %
Po sméné <
2 |
Tio, 2013 :. 21%
Po sméneé
TiO,
urednici

14 3415 50 %

22 44%4 4,5 %

Kontrolni osoby s )
201242013 20+35 3818 50 %

Pelclova et al 2016 J Breath Research



Analyza sedimentovaneho prachu TiO,

Scanning electron microscopy (SEM) x-ray diffraction patterns

agglomerated/aggregated partiles

Kalcinacni pec (A, B)
Mikronizacni jednotka unit (C, D)

Calcination furnace (anatase:rutile 2:1)
Micronisation unit (rutile)

206 scale

§ anatase *rutile peaks
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Pelclova D, Zdimal V, Kacer P, Vickova S, Fenclova Z, Navratil T, Komarc M, Schwarz J, Zikova N, Makes
O, Zakharov S. Markers of nucleic acids and proteins oxidation among office workers exposed to air
pollutants including (nano)TiO2 particles. Neuro Endocrinol Lett. 2016

Pelclova D, Zdimal V, Kacer P, Komarc M, Fenclova Z, Vickova S, Zikova N, Schwarz J, Makes O, Navratil
T, Zakharov S, Bello D. Markers of lipid oxidative damage among office workers exposed intermittently
to air pollutants including nanoTiO2 particles. Rev Environ Health. 2017




Rozdily u exponovanych TiO, x kontroly

kKK

110 f sk
®m Workers - Pre-shift 2012 it
100 ® Workers - Post-shift 2012
® Workers - Post-shift 2013
90 m Controls 2012
80 ® Controls 2013

8-OHdG 8-OHG  5-OHMeU o-Tyr 3-CITyr 3-NOTyr

Pelclova D, Zdimal V, Fenclova Z, Vilckova S, Turci F, Corazzari |, Kacer P, Schwarz J, Zikova N, Makes O,
Syslova K, Komarc M, Belacek J, Navratil T, Machajova M, Zakharov S. Markers of oxidative damage of
nucleic acids and proteins among workers exposed to TiO2(nano) particles. Occup Environ Medicine 2016



Rozdily u exponovanych TiO, x
kontroly

I g ® Workers 2012 Pre-shift
m Workers 2012 Post-shift

.- | —| ® Workers 2013 Post-shift
b L]
9 t—mroms -, r T = Controls 2012
T I

= Controls 2013

18-
M s
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HNE §-Isoprostan

Pelclova D, Zdimal V, Kacer P, Zikova N, Komarc M, Fenclova Z, Vickova S, Schwarz J, Makes O,
Syslova K, Navratil T, Turci F, Corazzari |, Zakharov S, Bello D. Markers of lipid oxidative damage
in the exhaled breath condensate of nano TiO2 production workers. Nanotoxicology 2017



Ramanova mikrospektroskopie potvrdila krystaly TiO,

v kondenzatu a urcila chemické slozeni

u 40 % délniku pred sménou!
u 70 % po smené
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Pelclova D, Barosova H, Kukutschova J, Zdimal V, Navratil T Fenclova Z, Vickova S, Schwarz J,
Zikova N, Kacer P, Komarc M, Belacek J, Zakharov S.: Raman microspectroscopy of exhaled
breath condensate and urine in workers exposed to fine and nano TiO, particles: a cross-
sectional study. J Breath Research 2015



2 Fe oxidy 2013
MERENI EXPOZICE NA PRACOVISTI

80 % castic do 100 nm




Vysetfeni 2013

SEOIEY - 14 43t7 3%
Po smene

Kontroly 14 39%4 50 %

Pelclova D, Zdimal V, Kacer P, Fenclova Z, Vickova S, Syslova K, Navratil T, Schwarz J, Zikova N, Barosova H,
Turci FE Komarc M, Pelcl T, Belacek J, Kukutschova J, Zakharov S. Oxidative stress markers are elevated in

exhaled breath condensate of workers exposed to nanoparticles during iron oxide pigment production.
J Breath Research 2016



Vlyroba Fe-oxidu - vétSina ¢astic ma do 100 nm

360x10° —
340 —

320 control room
300 — -}~ calcination furnace
280 — == dryer
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140 —
120 —
100 —
80 —
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0 —

dN/dlogD, [#/cm’]

particle size [nm]



Fe oxidy - markery v koncentratu vydechovaného

vzduchu vs. kontroly
(markery niZsi nez u délnika s TiO,)
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3 Nanokompozitni materialy 2015 -2017

Hledani alternativnich materialQ s vlastnostmi typickymi pro
ocel - s tvrdosti, odolnosti proti poskrabani,

- nizkou termalni roztaznosti

Pouziti — u automatickych méricich technik meéricich plasty,
kde nelze pouzit kovové materialy pro vysokou chybovost kvili
tepelné roztaznosti a moznosti poskozeni povrchu.

2016
20 zaméstnancu (42 £ 11 let), 18 £ 10 let expozice
21 kontrol (43 + 12 let) e




Hmotnhostni koncentrace

A\ 4

- nejvyssi u SvaFovén Svarovani

Berner(v Low-Pressure kaskadni impaktor,
umoznujicim separovani velikostnich frakci,

Svafovani 1,840 mg/m3

Brouseni 0,804 mg/m?3
Slévani 0,120 mg/m3
3500
T Saltiog
2500

—+— Machining




PocCetni koncentrace v nano %
- nejvyssi u slévani (96,8%)

Slévani

25 -100 100 nm
m

<25 n Do 100 nm
-1pg

. . . 31% 34,1% 37,2 % 55,4 %
Svarovani

Brouseni 25% 57,2% 59,7 % 37,8 %

Slévani 71,2% 25,6 % 96,8 % 5,5%




Chemicke slozeni

- relativni (%) a absolutni mnozstvi (ug/m?3)
SVAROVANI

percentage of analyzed elements [w/w]
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S355J2 ocel ( hmotnostni %): Fe, 97.39; C, 0.24; Mn, 1.70; Si,
0.6; P, 0.035; S, 0.035).



Chemicke slozeni
- relativni (%) a absolutni mnozstvi (ug/m3)

SLEVANI
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AlSiyCus, slitina (hmotnostni  %: Al, 83.50; Si, 10.0; Fe, 0.8; Cu, 3.0; Mn, 0.55; Mg,
0.25; Cr, 0.15; Ni, 0.55; Zn, 1.2) s modifika¢nimi solemi (NaCl, KCI, NaF) byla tavena
pii 760°C v peci v piskové formé s bentonitovym plnivem



Chemickeé slozeni

- relativni (%) a absolutni mnozstvi (ug/mq)
BROUSENI

- _— Fe
~ Machining Machining
Z 100% T 45 u Mn
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NANO FRAKCE - NEJCASTEJSI ZASTOUPENI PRVKU:
Fe, Mn, Si, Al, S, Na, CI, K

5 nanokompozitnich vzorka

2 s epoxidovou pryskyfici — jeden s 1% nanoSiO, jako plniva, druhy s drcenymi ryzovymi slupkami
— tj. 50 % celuléza, 30 % lignin a 20 % SiO,.

3 geopolymery, prvni - metakaolin s NaOH, druhy navic s plnivem 40 % popilku, tieti 40 % ¢edice



Markery oxidace lipidu #%% (p<0,001) *¥(p<0,01) *(p<0,05) @
Pred sménou a Po sméne vs. kontroly
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Pelclova D, Zdimal V, Schwarz J, Dvorackova S, Komarc M, Ondracek J, Kostejn M, Kacer P, Vickova S, Fenclova Z,
Popov A, Lischkova L, Zakharov S, Bello D. Markers of oxidative stress in the exhaled breath condensate of workers
handling nanocomposites. Nanomaterials, submitted.



Markery oxidace lipidu
Pred sménou a Po sméne vs. kontroly
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rd
Markery oxidace nukleovych kyselin a proteinu ﬁj

Ke zvyseni béhem smény nedoslo  *** (p<0,001) **(p<0,01) *(p<0,05)
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Pelclova D, Zdimal V, Schwarz J, Dvorackova S, Komarc M, Ondracek J, Kostejn M, Kacer P, Vickova S, Fenclova Z,
Popov A, Lischkova L, Zakharov S, Bello D. Markers of oxidative stress in the exhaled breath condensate of
workers handling nanocomposites. Nanomaterials, submitted.



Markery zanéetu
TNF nejvyznamnéjsi
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Vysetreni 6 skupin osob

Expozice | Pocet | Expozice | Koncentrac | Poet &astic/cm3

osob
F
TiO, 2012 © 3 0 35k o 16800
. ’ fu 3.5h
TiO, 2013 e Y 0.40 23 200
Fe-oxidy 2013 - 14 3h 0.083 66 800
Nanokompozity g = 20 2 h 0.12-1.84 48 000-540 000
OS> 204 urednici S Eay 22  14min  0.90 23 200

Kontrolni osoby 66 0 nemeéreno neméreno




- Vysetieni 6 skupin osob -
ht vysledky markeru
OXIDACNIHO STRESU

B TiO2 Workers 2012 "‘0 o
B TiO2 Workers 2013
100
: B Fe-oxides 2013
& ¢ ’
a@% m Composites 2016
30 P S TiO2 Office
p<0. 001 p<0.001 Controls p<0 001
p<0 001
60 p<0 001 "<°'°°1
p<0. 001 p<0.001
40
<0 001
<0 001 p o <0 001 p<0 001
<0.001 p<0 001
zo I I Ii I |
0
8-isoprostane 8-OHdG 8-OHG 5-OHMeU o-Tyr 3-CITyr 3-NOTyr

ng/mL ng/mL pg/mL peg/mL pg/mL pg/mL pg/mL pg/mL




Mnohocetna regresni analyza

klicova je expozice v praci
15 markert pred sménou — chronicky efekt

c A s‘::{f__-f& i_?k
@3\ T M&fj} l ‘ﬁh’a;?:;;
MDA HNE | ALD6-12 | OHdG | OHG |5-OHMeU| o-Tyr | 3-ClTyr | 3-NOTyr
Vék 0,005 0,375 0,360 0,404 0,384 0,082 0,171 0,015 0,786
PohIaVI’ 0,740 0,151 0,652 0,174 0,612 0,406 0,126 0,277 0,196
Alkohol 0,596 0,267 0,313 0,371 0,507 0,187 0,331 0,566 0,645
BMI 0,557 0,114 0,052 0,295 0,467 0,974 0,797 0,220 0,276
% Markery zanétu PROIOBH p<0,01 p<0,05
TNF LTB4 LTD4 LTE4 LXB4 IL10
0,071 0,037 0,280 0,641 0,466 0,938
0,371 0,277 0,760 0,088 0,886 0,866
0,133 0,066 0,632 0,849 0,320 0,413
0,476 0,817 0,309 0,393 0,911 0,814




Mnohocetna regresni analyza ve vSech skupinach —
primarni je expozice v praci

4

12 marker( po sméné

Vék 0,089 0,860 0,651 0,018 0,674 0,376 0,674 0,166 0,018
POhIaVII 0,458 0,126 0,936 0,294 0,442 0,651 0,442 0,128 0,294
AIkOhOI 0,838 0,745 0,531 0,574 0,745 0,524 0,745 0,315 0,574
BMI 0,905 0,111 0,336 0,222 0,671 0,491 0,671 0,742 0,222
Markery zanétu

X% BR0I60H p<0,01 p<0,05

TNF LTB4 LTE4

0,805 0,040 0,563

0,212 0,290 0,078

0,891 0,084 0,998

0,449 0,777 0,400




DECHOVE OBTIZE + plicni funkce

Chronicka bronchitida castéjsi:
4 (20 %) nanokompozity, 0 % kontrol p=0,033*

Dusnost NYHA Il:
3 (15 %) nanokompozity vs. 0 % kontrol  p=0,069

Plicni funkce — v normé — avsak pokles po sméné p<0,05

PLICNi FUNKCE % FVC % VCIN % FEV1 FEV1/FVC % PEF

Pfed sménou 94.7#13.3  92.2+13.0  102.2+13.5 0.89+0.06  110.2+14.3
Po sméné 95.0+11.6  93.1#11.0  |,99.0+12.0" .,0.86£0.06  106.8%15.2
- 100.8#13.6  98.7+13.0  106.1+14.0 0.89+0.06  111.8+20.2




Vysledky obdobné ve vsech O e ey
S ku p i N a, C h ex po Nnova ny’C h 0SSO b 'ri:—l:—é Toxicity of Nanoparticles Depends on Multiple

Molecular and Physicochemical Mechanisms

Yue-Wermn Huang ** (), Melissa Cambre ! and Han-Jung Lee 2

Malo rozpustné oxidy — prechodné prvky - Fe, Cr, Ti, Mn, Ni, Cu, Zn

[ Relative # of Available Surface
Binding Site

|

SRB Assay, 24-hour Treatment

| o Cf;Og
o —h F8203

s - T'Oz
£ 80 NiO
E - anO;,
S 60 @ ZnO
< -&- CuO
>
= 40
o

20

Q- v v . . v " v - ey
0 10 20 30 40 S0 60 70 80 90 100
Conc. (pg/mL) \ ,

Particle ) | Di i
Particle Surface Charge article Meta Onwlut@



OPEN aACCESS Freely available online ®'PLOS | 9

Molecular Mechanisms of Nanosized Titanium Dioxide
Induced Pulmonary Injury in Mice

Bing Li'®, Yuguan Ze'®, Qingqging Sun'®, Ting Zhang®*®, Xuezi Sang', Yaling Cui’, Xiaochun Wang’,

Suxin Gui', Danlin Tan', Min Zhu', Xiaoyang Zhao', Lei Sheng’, Ling Wang', Fashui Hong'*,
Meng Tang”>*

.
-

Nosnll apllkace Suspenze nanO-TIOZ Table 3. Oxidative stress in the mouse lung after nasal

administration with nano-TiO; for 90 consecutive days.

(6 nm) denné po 90 dni

Oxidative

2,5-10 mg/kg hmotnosti kontro stress TiO: NPs (mg/kg BW)

o 2.5 5

prot. min)

Apoptoza

Oy (nmelfmg 2Z3*=1.15 3027*01.51b 3IEX1.96c S0*2.50d

HyO5 (nmolimg 43+2.15a 61.22+3.06b 7EG+395 1105504

Zména exprese 847 genl

protovia—

o zanetliva infiltrace

jEnIF :

MDA 1.0B+0.05a 1.59+0.08Bb 2ZB9+0.15c 5. 15+026d

{mgsg tssue)

Carbonyl 0.54*+0.,03a 098XD.05h 1.85x0.09c 3.04=015d

mg
prot)
042+002a 226+0.11b 425+0.21c 71203

represen + SE [(MW=5)

rx indicate significant differences between groups (p-<<0.05). Valu

MDA -malondialdehyd, PC- protein karbonyl,
8-OHdG 8-hydroxy-2-deoxyguanosin
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a ORIGINAL RESEARCH
Intraperitoneal injection of magnetic Fe O -
nanoparticle induces hepatic and renal tissue
injury via oxidative stress in mice

Ma et al. 2012
* Nano Fe;0,i.p. 7 dni 5-40 mg/kg
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Inhaled Nanoparticles Accumulate at Sites of
Vascular Disease

Mark R. Miller,* Ve slcnnifcr B. Raftis, ">V Jeremy P. Langrish,* Steven G. McLean,’

Pawitrabhorn Samutrtai,” Shea P. Connell,” Simon Wilson," Alex T. Vesey,' Paul H. B. Fokkens," e e e
A. John F. Boere," Petra Krystek,l Colin J Campbell,‘§ Patrick W. F. Hadoke,t Ken Donaldson,£ 1000 1100 1200 1300 1400 1500 1600 1700 180()
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e MysSi 2-200 nm instilace do plic 2 x tydné po 5 tydnu,
* detekce v krvido 30 nm, v moci do 5 nm, v alveolech, makrofazich, ..
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Inhaled Nanoparticles Accumulate at Sites of
Vascular Disease

Mark R. Miller,*""*>V® Jennifer B. Raftis, ">V Jeremy P. Langrish,* Steven G. McLean,’

Pawitrabhorn Samutrtai,® Shea P. Connell,” Simon Wilson,” Alex T. Vcscy,f Paul H. B. Fokkens,'
A. John F. Boere,! Petra Krystek,i Colin J Campbell,§ Patrick W. F. Hadoke,' Ken Donaldson,£
Flemming R. Cassee,"* David E. Newby," Rodger Duffin,””V and Nicholas L. Mills""

Miller 2017

14 dobrovolnikt inhalovalo nano Au (4 nebo 34 nm) po dobu 2 hod,
v krvi za 15 min- 24 hod, az 3 mésice. V moci byly jen 4 nm castice.
3 z 12 pacientu inhalovalo nanoAu 4 hod den pred endarterektomii.
Au bylo pak pritomno v odstranénych ateroplacich karotid

== gold nanoparticle on glass slide

- endarterectomy: non-exposed patient
=== endarterectomy: gold-exposed patient

Nomnalized Intensity
(arbitrary units)
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Assessing the first wave of epidemiological studies of nanomaterial workers.
Liou SH', Tsai CS2, Pelclova D3, Schubauer-Berigan MK*, Schulte PA*,

=] Author information

Tnational Institute of Environmental Health Sciences, National Health Research Institutes, 35 Keyan Road,
Zhunan, Miaoli County 35053, Taiwan, ROC

EDEFIEI"IITIEI'IT of Environmental and Radiological Health Science, Colorado State University, Fort Collins,
CO, USA.

3Department of Occupational Medicine, First Faculty of Medicine, Charles University in Prague, Prague,
Czech Republic.

4National Institute for Occupational Safety and Health, Cincinnati, OH, USA.

* Nanocastice obsahuje 1 682 spotiebnich vyrobkti
* Jejich cena na trhu na trhu dosahne 10?2 (trillion) USD
* 6 PUBLIKOVANYCH STUDIi do r. 2015

 JEDNOTLIVE LATKY: TiO, (CR, Cina), uhlikové nanotrubicky (Rusko, Korea,
Holandsko), oxidy Zeleza (CR), CaCO; (Cina), nano-saze v tonerech,
(Japonsko), nanoAg (Korea)

* International Agency for Research on Cancer (IARC) klasifikoval TiO,
jako ,,possibly carcinogenic to humans” (skupina 2B)
* NIOSH snizil limit nanoTiO, na 0,3 mg/m3



Zhao, 2018: Cardiopulmonary effects induced by occupational
exposure to TiO, nanoparticles

* TiO, vyroba v Ciné n

* TiO, balic¢i 3,17 mg/m?3, 39% nano TiO,

* Markery cévni toxicity a kardiotoxicity (bunécné adhezni
molekuly cévni a intercelularni - VCAM, ICAM)

* Krev MDA, TNF, IL-10, ....

* RTG -43 % osob patologicky zvysena kresba u exponovanych

* Porucha plicnich funkci (p< 0.05)
* Vsechny markery asociované s expozici TiO,




ORIGINAL ARTICLE Occup Environ Med. 2017

Immunological effects among workers who handle
engineered nanoparticles

Deborah Catherine Glass,' Mahjabeen Mazhar,' Sue Xiang,? Pamela Dean,’
Pamela Simpson,> Brian Priestly,’ Magdalena Plebanski,” Michael Abramson,’
Malcolm Ross Sim,' Martine Dennekamp’

* Vyzkumni zameéestnanci (34 osob) zpracovavajici
nanocastice a bez expozice (55 osob) — srovnani —
casoveé rozpéti 47-326 min/sménu

* Pondéli pred sménou, po sméene, za 5 dni

* Osobni odbérove sety

e Zvyseni TNF v séru po sméneé “‘
* Beze zmeény plicnich funkci :

* Beze zmény FeNO a CRP §Q



Liou 2016, 2017 Workers exposed to metal oxide nano
particles — oxidative stress and DNA methylation

0 - | p < 0.001 |
p = 0002 E
S p-0.001
1 e
2
lmdoxih °°° é 20
.
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1 o 10
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y 1. global medhylation &
2. oxidative DNA damage ]
urine  \WBC 3, lipid peroxidation
n || | T L] |
Non-exposed Exposed  TiO2 Si02 ITO

8-OHdG v plazmé, moci, T 8-isoprostan v KVV

130 zaméstnancu expozice 26xTiO,, — 31x SiO,, 30x Indium Tin Oxide (/TO, cinem
dopovany oxid indity, pruhledny vodivy oxid pro vyrobu displeju, svitivych diod a
fotovoltaiky.

43 kontrol

Expozice muze vést k poskozeni DNA, peroxidaci lipidd a hypomethylaci — aktivace
onkogenU a nestabilita genomu — souvislost s tvorbou nadort (?),....



ZAVERY

STUDIi U PRACOVNIKU POZVOLNA PRIBYVA

Vysledky podporuji hypotézu oxidacniho stresu a upozornuji na
poskozeni plic na molekularni drovni

Markery byly zvyseny i pri koncentracich pod urovni
povolenych limitl pro expozici inertnim materialiim -
zamestnanci nemaji povinnost nosit respiratory

Spirometrie prokazuje zmény po sméné/ po letech expozice

. . V4

FeNO neni dostatecné citlivé ani specifické — vliv koureni

Nenachazime v literature publikace prokazujici “no effect”




Dalsi vysetreni — novy grant
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GENETICKE VYSETRENI (UEM CAV, VEN, UCHP AV, IKEM)
RNDr. Rossnerova, PhD.

1 (VZO r ky 2 O 1 5 - 2 O 2 O ) Nanoparticle producing processes I | Human ex| posure | I Blood draw | | Cytogenetic analysis - micronuclei |
<100 nm Long/Short-time Twice Micronuc lei + Pan Centromeric FISH
i DR oo osume ot
 DNA methylace ?-«— i
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* Comet Assay . B
%’T s et

RNDr. Hubacek, DrSc. zmeény v koncentracich cirkulujici volné jaderné DNA
e avolné mitochondrialni DNA (mtDNA) jako porucha integrity nukleovych kyselin
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sccs/ 1583/ 17

‘
e . INTERNATIONAL MIFIMUM REQUIREWENTS
F[]HHEALTH 'PROTECTION IN THE WURKPLAGE% n
OF MANUFACTURED NANOMATERIALS g y -
¢ A
Scientific Committee on Consumer Safety o/

sccs @

OPINION ON
Titanium Dioxide (nano form) as UV-Filter in sprays

The SCCS adopted this Opinion

& World Health
¥ Organization

by written procedure on 19 January 2018

Spray products ......studies performed by Pelclova et al.
2015, 20164, 2016b, 2016c, and 2017)....

previous Opinion (SCCS/1516/13-revision of 22 April 2014) cannot be accepted as an
argument for the absence of harmful effects after inhalation exposure. This is because the
SCCS Opinion in question only addressed safety of the nano-forms of TiO, intended for
dermal applications and had specifically excluded spray products. In fact, the Opinion had
expressed concerns over the safety of TiO, nanomaterial applications in spray products that
could lead to exposure of the consumer’s lungs to TiO, nanoparticles via inhalation.
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