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Uvod

 Proc studovat kvalitu ovzdusi?
 Vnitrni x vnéjsi prostredi
« Plynné polutanty a polutanty vazané na cCastice

- Inhalacni vstup latek do organismu — velmi nebezpeénéa cesta vstupu
do organismu; velmi rychlé vstrebavani

- Osud latek v organismu; interakce; synergicky efekt ptisobeni
polutantii

Aerosol

« Tuhé i kapalné castice suspendované ve vzduchu

- TSP = total suspended particles

- PM = particulate matter

- PM10 — velikost pod 10 um

- PM2.5 — velikost pod 2,5 um

- PM1 — velikost pod 1 um

- Nanocastice — ¢astice, kterd ma alespon jeden rozmér pod 100 nm



- Prirodni a antropogenni zdroje
- Antropogenni zdroje — spalovaci procesy, doprava, stavebni a

zemeéedélska cinnost, té€Zebni pramysl
« Aerosol v méstském prostredi — jsou koncentrace v ovzdusi ,,vSude®

stejné?
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Zdravotni rizika

- Vysokd koncentrace aerosolu v g
zivotnim prostfedi zvySuje vyskyt
chorob srdce a cév, zpusobuje
respirac¢ni a plicni choroby, astma

-« Akutni a chronické Gc¢inky

- Castice PM10 — pronikani pres hrtan -@i’-.j,’"“e°“‘s\;§{
do dolnich cest dychacich SEne S 4
- Castice PM1 — pronikani castic az do
. , , o . Capillary Alveolar air Type Il cell Basement
pllcnlch Skllpk‘u _, endothelium ‘ membrane/

Nanocastice

« Prinik mezibunéénymi prostory do
organismu, fagocytoza, transcyt6za

 Transport krvi, mizou

« Depozice

Type | cell Alveolar air

Plicni sklipky



Nanocastice

- Vysoka reaktivita nanocastic = poSkozeni obrannych mechanismu
plic, zanétlivé reakce, uvolnovani volnych radikalia

- Nanoparticles (NPs) — jaka mayji rizika ???

- Spontanni tvorba NPs pri kondenzaci z plynné faze x uméle vyrabéné
NPs a nanomaterialy

« Studium toxicity NPs in-vitro (studium vlastnosti, testy s burikami
plicni tkané), in-vivo (testy na pokusnych zviratech — mysi, potkani)

- Chovani NPs v organismu a jejich toxicita zavisi na: velikosti, tvaru,
distribuci velikosti, strukture, chemickém slozeni, obsahu necistot,
velikosti povrchu, stupni agregace, a pripadné i zptisobu pripravy

- Toxicita NPs v aerosolech zavisi na zdrojich emisi — studium
chemického slozeni aerosolu — vzorkovani aerosolu a néasledna
detekce polutantii — vyhodnoceni rizik



Vzorkovani aerosolu

« On-line analyza x vzorkovani aerosolu na filtry

- Velkoobjemovy vzorkova¢ — zachyt aerosolu na 150
mun filtr; vzorkovaci hlava pro PM10, PM2.5, PM1

« Vzorkovani napr. 24 hod a nasledna analyza — slozeni
aerosolu (uhlik, organické a anorganické polutanty)

Co studujeme:

- Meéstsky aerosol, emise z paliv a z biopaliv z motort,
emise ze spalovani biomasy, emise z priumyslu ...

 Analyza plynt — NH3, NOx, O3

aerosol - Brno emise z biopaliva

DHA-80 (Digite




Vzorkovani aerosolu

Vzorkovani celkovych suspendovanych c¢astic (TSP)
Vzorkovani nizkoobjemovymi vzorkovaci

Vzorkovani aerosolu pomoci kolektoru se zachytem castic do vodnych
vzorkl

Vzorkovani pouliéniho prachu, méstskych pid ...

Vzorkovénvi aerosolu
Svalbard (Spicberky)

« Stanoveni Al, Cr, Mn, Co,
Ni, Cu, As, Cd, Pb
» Detekovan Al, Mn, Co, Pb

« Zdroj: uhli z okoli +
spalovani nafty

» Vzorkovani snéhu —
atmosféricka depozice




Hlavni polutanty v aerosolu v Evropée

Impacts \

Ecosystem

Acidifying
Substances

o
g

Emissions

EEA Technical report ‘ No 12/2011

Air quality limit and target values for As, Cd, Ni and Pb regulated by EU, and WHO
air quality guidelines

Pollutant EU target or limit value (*) WHO AQG
Arsenic 6 ng/m?* (¥) -
Cadmium 5 ng/m? (%) 5 ng/m? (%)
Mickel 20 ng/m?* (¥) -

Lead 500 ng/m?* (%) 500 ng/m?
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PM10 v Evropée
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Stanoveni kovu v aerosolu (Brno)

Bulgaria
Poland
Slovakia
Greece
Italy
Slovenia
Czech Republic
rus *
ustria
Romania *
Belgium
Latvia
MNetherlands
Hungary
France
Germany
Spain
United Kingdom =4
Denmark ==
Lithuania =—x—=
Portugal ==
Sweden =——
Ireland * =—=—=x
Estonia =—=x=
Finland =—=

Priumérné koncentrace kovti v PM1 (ng/ms3)

Netopna sezona Topna sezoéna
Prvek

Prac. tyden Vikend Prac.tyden Vikend

0 10 20 30
PM, . (three-year running mean, pg/m-)
at urban non-traffic stations

Urban PM, ; concentrations
presented as multi-annual
average in selected European
countries, 2007-2009

Al 7,1 5,6 3,3 13,7
Fe 52 22 32 23

Mn 3,7 1,15 2,0 1,36
Ce 0,049 0,039 0,035 0,031
V 0,140 0,168 0,176 0,28
Cr 0,80 0,46 — 0,44
Ni 0,63 0,39 — 0,45
Cu 1,80 1,08 1,91 1,54
Zn 11,6 10,8 19,3 17,3
Cd 0,082 0,112 0,130 0,166

Pb 3,2 2,7 53 3,2



Stanoveni rtuti v pouli¢cnim prachu v Brné
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Urceni biodostupnosti

 Celkovy obsah kovli — mineralizace v podvarové HNO3
- Biodostupny podil — extrakce v simulovanych plicnich kapalinach

Pouzité simulované plicni kapaliny: 800
§ 70,0
A Gambleuv roztok £ 600
B Gambleiv roztok s DPPC 2 500 -
C ALF o
D  Nové navrzend kapalina s DPPC £ ., |
E  Fyziologicky roztok 8 10,0 -
. e 2 0,0 - : : : : :
F  Deionizovana voda .

simulovana plicni kapalina
- DPPC = dipalmitoyl fosfatidylcholin — povrchove aktivni latka
- Kapaliny s DPPC se svym chovanim spiSe blizi nativnimu plicnimu
surfaktantu (povrchové napéti blizké nule)
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Biodostupnost kovu v aerosolu (Brno)
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Stanoveni kovu v emisich z paliv

- Je pouzivani biopaliv (nebo paliva s primési bioslozky) ,ekologické“?

- Kolik PM, organickych i anorganickych polutanti vznika jejich
spalovanim?

- Testovani paliv i mazacich oleju v riiznych typech motori pri rizném
zatizeni (normované provozni cykly simulujici jizdu) — analyza emisi

- Koncentrace PM2.5 klesaji s pridavkem bioslozky (predevsim u nafty)

- Koncentrace kovii v PM2.5 neklesaji 55
s pridavkem bioslozky!

» Rozhodujici vliv otérovych kovi

- Bioslozka zvysSuje biodostupny podil

30 |
25 |
20 -
15
+ Water
mPBS
5 - - - RPMI
4 * M
¢ N < SAF
0 hod 3 hod 24 hod

Rozpustnost generovanych nanocastic PbO

10 -

Solubility of PbO NPs in %

« Péstovani potravin x paliva
- Jaky je prinos ??? 0
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Studium toxicity nanocastic in-vivo

- Experimenty se zviraty — laboratorni mysi exponované NPs
- Cil experimentu: posouzeni toxicity nanocastic Cd, Pb, Ti, Zn, Mn, Cu

« Studium mobility NPs v organismu (vstup, depozice, obranné
mechanismy)

» Studium fyziologickych zmeén tkani organt

» Studium imunologické odezvy na intoxikaci (cytotoxicita, vznik
zanétu)

 Studium mechanismu pusobeni NPs
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Studium toxicity NPs in-vivo

« Termické generovani NPs v reaktoru z ¢istych kovi nebo organickych
prekurzori

« Zavadéni NPs do inhala¢nich komor jednotlivych skupin mysi
- Kontrolni a exponované skupiny v rtiznych koncentracich NPs
« Odbér vzorki — 3 dny, 14 dnt, 6 tydnt, 3 mésice

- Meéreni vstupu — distribuce NPs po celou dobu experimentu

=l . A .

Inhala¢ni komora | Meéreni distribuce NPs (SMPS)
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Studium toxicity NPs in-vivo

- Chemicka analyza organt (plice, mozek, ledviny, jatra, slezina, srdce)
a krve

- Specifikace NPs (transmisni elektronova mikroskopie, SMPS,
rozpustnost)

- Prttokova cytometrie, proliferac¢ni aktivita lymfocyti, mikroskopie
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Studium toxicity NPs in-vivo

 V organech byly nalezeny oblasti zanétlivych lozisek
 Potvrzena pritomnost agregatii NPS jrumteitetats
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Histologicka analyza jater (CdO NPs)
Int. J. Mol. Sci. 2016, 17, 874




Studlum tox1c1ty NPs in-vivo

Transmussion electron microscopy of target tissues after long-term
exposure to cadmium oxide nanoparticles: nanoparticles observed in
small clusters inside pneumocytes in lung (A, A —detail): nanoparticles
located inside of hepatocytes (B, B —detail); nanoparticles located in
epithelial cell cytoplasm of proximal tubules of kidney (C, C"—detail),
bram (D, D"—detail), and spleen tissue (E, E'—detail)

Environ Sci Pollut Res (2016) 23:24047—24060
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Studium toxicity NPs in-vivo

« Obsah Cd v plicich i sekundarnich organech znaéné vzrostl jiz po Sesti
tydnech expozice

» Nejvyssi akumulace byla zaznamenana v plicich, méné v ledvinach, a
poté ve sleziné a jatrech

« Obsah Cd v organech exponovanych mysi byl vyssi nez u kontrolni
skupiny 7500 x pro plice, 140 x pro ledviny, 79 x pro slezinu a 19 x

o,
pro jatra
Percentage of Cd uptake in organs Percentage of Cd uptake in organs Percentage of Cd uptake in organs
after 3 days exposition after 6 weeks exposition after 13 weeks exposition
spleen; 0.18 kidney; 0.15 brain: 0.06 kidney: 1.04 spleen; 0.29

liver; 1.46 brajin; 0.02 spleen; 1.35 brain; 0.03

iver; 1.28

O lung Elung

) ] @ lung
O liver O liver O liver
O kidney 8 kidney @ kidney
O spleen Ospleen O spleen
lung: 98.16 O brain lung: 97.4 O brain lung; 76.03 0 brain
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Studium toxicity NPs in-vivo

- Koncentrace Cd v krvi byla po Sesti tydnech 80 ng g, zatimco u
kontrolni skupiny byl obsah Cd pod limitem detekce (2 ng g)

- 86% Cd bylo vazano na erytrocyty, 9% na plasmu a 5% na krevni

/
Serum
Cd fractionation in whole blood after Pb fractionation in whole blood after
6 weeks exposition 6 weeks exposition
serum; protein;____ ————gerum; 0.002
protein; 0.048 0.116 T

0.094

@ erythrocytes B erythrocytes
O protein .
erythrocytes; P erythrocytes; O protein
" O serum 0.887
0.858 - O serum




Percentage of Pb uptake in organs
after 72 h exposition

brain; 4.5

spleen;<
4.4

lung; 36.4

kidney;
34.2

Elung
O liver

O kidney

\ O spleen
liver; 24.9 Obrain

Percentage of Pb uptake in organs
after 6 weeks exposition

spleen; 2.9 brain; 2.7
lung;17.2
kidney;
30.1

@/ung
Oliver

Okidney

Ospleen

Obrain

liver; 47.1

Percentage of Pb uptake in organs
after 11 weeks exposition
spleen; 3.7

kidney; 21.7

Elung
O liver

D kidney

( O spleen
liver; 42.4 O brain

Percentage of Ti content in organs
after 87 days exposition in cage No. 2

Kidney; < 0.07 spleen; < 0.08

liver: <0.06 brain; < 0.07
o heart; < 0.04

@lung
Oliver
mkidney
Ospleen
Obrain
m heart
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Studium toxicity NPs in-vivo

- Koncentrace Zn v jednotlivych slozkach krve se vzajemné nelisi v
zavislosti na kontrolnich ¢i exponovanych jedincich, i v zavislosti na
stari mysi resp. délce inhalace nanocastic

Percentage of Mn content in organs
after 6 weeks exposition in cage No.2
brain; 7.4

lung; 5.3

!

spleen; 0.9_

kidney; 11.0_

Blung
Oliver
: Dkidney
i
Vo Ospleen
_liver; 75.4 )
Obrain

Percentage of Zn fractionation
(concentration) in whole blood after
3 months in cage No. 2

low molecular;
1.4

protein; 43.2

erythrocytes;
55.4

m erythrocytes
Oprotein
Olow molecular
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Bioakumulace nanocastic v rostlinach

A - Selektivni prijem a translokace kovii rostlinou

« Mobilita kovii v ptidnim roztoku x ptisobeni
nanocastic i nanomateriala

- Dochazi k zakoncentrovani NPs potravnim
retézcem?

- Genotoxicita a fytotoxicita NPs?

- \

O¢0, NP

Ni(OH), NP

A8, - Potvrzeno sniZeni kli¢ivosti obilovin
« Omezeni ristu plodin a zkraceni korent

-0 fullerenes

2 Studies with varied conclusions (indicative of species dependency)

/LNi(OH)zNP‘-’-"

so(OH),, fullerols‘-’“J
LF D NP f %
LCeO (P+2/50

J Uptaken and translocated

'fu O enes(_’/.Jfl)J . . .
= Uptake/translocation not confirmed (varied conclusions)

AINPGS) J . .
. : Uptake by roots; but translocation not studied/ not confirmed due to
LTiozN YO N CuNP(") J very few studies on the NP

L ZnO NP4 Ag Nph‘.-‘..i.nJ
QSWCNT(J.’,L&, MWCNT(.").Jn,_m‘J/ J. Agrfr_‘_ Food Chem. 2011, 59, 3485-3498
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Bioakumulace nanocastic v rostlinach
-

Cell wall
Plasma membrane
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K aquaporin transport
Nuclear pore

r fon channel

¢ 1 transport
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Chromosome

| Nucleolus

Rough endoplasmic

reticulum
Ribosome / Fluidic phase
Cytosol ¢ endocytosis@™9
Vacuole [~ Facilitating transport and water
Tonoplast uptake through new pore

_ formation®?”” penetration©?
Chloroplast

Plasmodesmata

Golgi apparatus

Smooth endoplasmic Plasmodesmata

. 0

reticulum 29 transport”

Free ribosome .f

FenaRae - “® Natural organic
Mitochondrion o matter/ Root exudates

DA tica A
o facilitated entry?¥)
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@ Nanoparticle / Nanotube o Natural organic matter tl. b vk
J. Agric. Food Chem. 2011, 59, 3485-3498 rostinnou bunkou
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Bioakumulace nanocastic v rostlinach

Fe ;O NP4 @ﬁ ZnO NP(2.45)
/ ‘/// # CeQ,NPH2.50.5D

[3]
/ o8e . fullerenes/-#)

ey .lez"'
: ‘='};<j SWCNT%28.34)

Root hair

Epidermis
Cortex / "2)/ eisaia

/Kd MWCNT?9.30.35.36)
Endodermis : / (
Pericycle & ot

S & AINPSY)

Metaxyle :
Phloel'n Y <«—mm AoNPU2.53)
Cambium L9 08
Protoxylem

Priény rez korenovou

absorpc¢ni zonou Eg TiQ, NP 4)

$2° NicoH)NPe
J. Agric. Food Chem. 2011, 59, 3485-3498
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Bioakumulace nanocastic v rostlinach

« Mechanismus ptisobeni NPs na rostliny neni zcela objasnén — zména
chemismu rhizosféry?

- Toxicita NPs je casto sledovdna za vysokych koncentraci a v umélych
podminkach; experimenty ¢asto nezahrnuji cely zivotni cyklus rostliny

Experiment s expozici jeémenu nanocasticim kadmia

- Zmény koncentraci primarnich metaboliti (aminokyseliny a
sacharidy)

- Prima absorpce Cd listy jeémenu + transport Cd z korenu (cca 40%)

« Nejvyssi vliv NPs pro volny °
vstup NPs (varianta T3)

» Vysoky obsah Cd v listech,
cca 40% na povrchu

T0 T1 T2 T3
Environmental Pollution 218 (2016) 207218
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Bioakumulace nanocastic v rostlinach

20000

16000

12000

8000

Peak area/ pg FW

4000

Experiment s expozici smrku ztepilého a buku lesniho nanocasticim
kadmia — 14 dnu

Smrk ztepily — znac¢na ztrata olisténi béhem experimentu; zmény
biochemického slozeni; relativné malé zmeény v koncentracich Cd
mezi kontrolni a exponovanou skupinou

Amino acids B Tyrosine

Proline
W Tryptophan
Phenylalanine
W Histidine
M Arginine
M Glutamine
B Glutamic acid
m Asparagine
m Aspargic acid
M Lysine
m Methionine
B Threonine

M Serine

M Isoleucine
Leucine
— B Valine

w
v

o
(m]

B Glycine

Control CdONPs

‘ 20°C 35°C ‘ ¥ Alanine

Obsah aminokyselin ve smrkovych jehlicich Buk lesni



2

Bioakumulace nanocastic v rostlinach

w | kontrolni eéxponovane
. umyte
L i 0,75
g 700 . Ioz— — — E
= “1 B 5 ®
v 500 n :-E
o umyté >
$ :
g 300 +
F 0,25
o 200 + = - ’
wl N B  HENEEEEREEN Buk lesni,
AL VRN NINNENRRR > gany expozice
Experimenty se smrky i buky
kontrolni exponované
neumyté umyté neumyté umyté

expozice | dievina

obsah Cd SD Cd obsah Cd sSDCd obsah Cd sSDCd obsah Cd SD Cd
[ng/g] [ng/g) [ng/gl [ng/gl [ng/g] [ng/g] [ng/g] [ng/g]

smrk 41 0,7 21 0,3 42 0,4 35 1,0
1 tyden

buk 291 2,2 47 0,4 570 55 355 19

smrk 172 0,9 49 0,5 556 6,9 325 7.9
2 tydny

buk 95 0,9 35 0,6 666 10,3 536 55
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Bioakumulace nanocastic v rostlinach

Jak vyznamny je primy vstup NPs pruduchy listi?

Stanoveni Cd pomoci PIXE (protonove indukované rentgenové emise)
Potvrzeni pritomnosti Cd na povrchu jehlice

Obsah Cd ve stomatech pod limitem detekce metody — limitace
experimentu poskozenim rostlin za vysokych koncentraci NPs

100um 400728 P1 Ca Ka1 (ASCR)

Ca \4 Jethl smrku (PIXE) " Stomata
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Jsou nanocastice nebezpecne?

Dékuji za pozornost

Agregat NPs PbOx na povrchu
erytrocytu

2pm

Agregat NPs PbOx v pemocytu typu I1



