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Table 1
Comparison of coarse, fine, and ultrafine particles
Parameter Coarse Fine Ultrafine
Size 2.5-10 pm 0.10-2.5 pm <0.10 pm
Organic carbon content + ++ +i+
Metal content ++ ++ +
PAH content + + +++
Source of ROS Transition metals PAH PAH

I I 1 1 Quinones Quinones
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Ultrafine Fine Coarse

Li et al, Free Rad. Biol. Med. 2008, 44, 1689-99



Toxicke ucinky castic PM

« primarnim cilem toxické pusobeni PM je dychaci trakt;

 PM a to predevsim Castice s menSim prumérem maji
vSak negativni dopad na cely organismus;

» podle velikosti jsou dale deleny do 3 hlavnich kategorii:

hrube castice PM — PM,,; < 10 uM

jemné castice PM — PM, ;; < 2,5 uM

ultrajemné Castice (UFP) — PM, 4 (jednim z hlavnich zdroju
jsou dieselove motory starsiho typu); nanocCastice (ENP) —
umele produkovane;

 Castice jsou Casto rozliSovany na primarni (pfimo
produkované ruznymi zdroji) a sekundarni (vznikajici v
atmosfére reakcemi oxidu siry a dusiku s ruznymi
volatilnimi organickymi slouceninami — UFP);



Toxicke ucinky castic PM

« expozice Casticim particulate matter (PM) jednoznacné
souvisi se zvysenou mortalitou a nemocnosti;

 fada incidentu v minulosti - Meuse valley fog (1930),
Donora smog incident (1948), London great smog (1952)
— vedla ke studiu zdravotnich uc€inku PM a vytvoreni
prislusneé legislativy — limity PM,;

,PM is a widespread air pollutant, consisting of a mixture of solid and
liquid particles suspended in the air. Commonly used indicators describing
PM that are relevant to health refer to the mass concentration of particles
with a diameter of less than 10 ym (PM,,) and of particles with a diameter
of less than 2.5 ym (PM, 5). PM, 5, often called fine PM, also comprises
ultrafine particles having a diameter of less than 0.1 um. In most locations
in Europe, PM, ; constitutes 50—70% of PM,,."

Definice WHO — zdroj: WHO, Health Effects of Particulate Matter, 2013



Velky londynsky smog 1952

v dusledku kombinace nékolika nepfiznivych faktortu —
pocasi, vyuzivani meéne kvalitnich paliv, zmény v doprave
- vedly v prosinci 1952 ke smogove situaci, ktera mela
fatalni nasledky — odhaduje se, ze v nasledujicich dnech
zemrelo, pfedevsim v dusledku respiracnich
onemocneni, 4000 - 12000 lidi;




Toxicke ucinky PM

« situace v CR — lokaIné& jsou imisni limity pro PM vyrazné
prekracovany;

* imisni limity PM,, dle zakona o ochrane ovzdusi
201/2012 Sb.;

http://www.chmi.cz/files/portal/docs/uoco/isko/info/limity CZ.html

« od roku 2014 by mely byt dle stanoviska Evropske
komise zavadeny imisni limity pro PM, :;

VL aLD a4

zdravotnich efektu;



Prehled PM
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Limit of
0.0 l lJ,m (10 nm) O. l l.l.m l 'J.m IO[Jm visljzm l Ooum
UFP M) Ultrafine particles
Constituents:
Primary combustion — hydrocarbons, metals, organic carbon
Sources:

Secondary photechemical formaticn from gases, VOC/SVOC
Fresh automobile and combustion emissions
Lifetime: Minutes to hours. Distributed 100s of meters from source

PM,

Fine particles »—PM
Constituents: 10-2.5
Organic/elemental carbon Coarse fraction
Organic compounds, hydrocarbons :

Constituonts:

Ultrafine particle aggregates
Biological material - Endotoxin
lons: NH,-Sulfate, nitrate
Metals: Fo, Al, Ni, Zn, V, Cu, Si

Dust. endotoxin, pollen, fungi
debris, ground matenals
metals (Si, Al, Ca, Fe)

Sources.

Agriculture, soil. road dust,
sea spray, suspension in air
from grinding and erosion

Sources:

Primary from all combustion sources
Coal, cil, gas, wood, industry, fires
Secondary gas-to-particle conversion

Lifetime: hours-tc-cays
Distribute 10-100 Km

Lifetime: Days-to-weeks. .
Distributed regionally (1000 or more Km) Human hair

Brooks, Clin. Sci. 2008, 115: 175-187



Aerodynamic size (um)
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Inhaled particles, sizes and targets
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Nemmar et al., Biomed. Res, Int. 2013, ID279371



Zdravotni efekty PM

umrti pacientu s plicnimi a srde¢nimi
chorobami;

srdecCni prihody;

srdecCni arytmie;

zhorSeni prubéhu astmatickych zachvatu;
zhorseni plicnich funkci — podrazdeni
dychacich cest, kasel, dychaci potize;
nadorova onemocneni plic?



Primarni ucinky PM

Exposure to PM and NP

Acute effects Subacute and chronic effects

ProinﬂammatoryT v
High caloric dief |
B Fat rich diet |
Anmnﬂammatoryl Secretory cells hyperplasia
Ciliary alterations
Muc5acd
Inflammatory cells
BAL total proteins
IL-6 I\ PM, 5
TNFa Inflammatory idized phospholipid derivative
oxidative etyess Systemic inflammation
Thymogquinone T-cell infiltrate
Eugenol Teff cells
Simvastatin
1L-6 —L Lovastatin
PM ] Risk of
NPl Immune response COPD

— dychaci ustroji

Nemmar et al., Biomed. Res. Int. 2013, ID279371



Komplexni poskozeni DNA

Emission Natural Heating Traffic Industry
sources wildfires power planis  cars (vans) coke ovens

dust storms  private furnaces motorbikes  waste incinerators

N/

Meteorology
Long-range transport |==+» Measurement of air pollution
Tempefature (immission)
Particles Gases
(ull;,:il:ne [:)a;:iclcs. ozone, nitric oxides
215 FMp)

- \ Pollen
A Carbon core

Polycyclic Volatile organic  p\qaals
aromatic compounds
hydrocarbons (e.g. benzene) \ Inflammation

'
I Reactive

> \h.labollsm e oxygen species
Redox-cycling l

Bulky l)NA adducts Oxidized DNA lesions

Moller et al., Cancer Lett. 2008, 266, 84-97
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Systémove ucinky PM — kardiovaskularni
system

Ambient Particulate Matter

Direct Effects Indirect Effects

Direct translocation of Pulmonary
nanoparticles that readily Oxidative Inflammation

cross pulmonary epithelium Stress Inflammatory cytokines
(IL-6, IL-8, GMCSF)
Local oxidative . . it
0?' % : Activation of Expression of Plasma Fibrinogen
stress/inflammationon b
: . E transcription inflammatory Factor
interaction with vascular
factors markers

endothelium
C-Reactive Protein

Cardiovascular events

Vascular Myocardial Cardiac
Thrombosi : Atherosclerosi : A hmi
. i Dysfunction At Infarction Hypertrophy

Shrey et al., Env. Toxicol. Pharmacol. 2011, 31: 1-9
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Systéemove
system

Systemic responses >

R
Pulmonary oxidative
stress & inflammation

Direct pulmonary
nerve reflex arcs
—
-

inflammatory response

Endogenous mediators:
ACUTE: T Activated WBC, NADPH oxidase, SNS, AT2, ET
BACUTE: Cytokines (IL-6, TNFa, IL1B), CRP

Autonomic nervous

system imbalance
TSNS / VPSNS

Direct SNS actions to
the vasculature
Arrhythmias /
Myocardial electrical vulnerability
Altered autonomic outflow to CV system
CV oxidative stress

Systemic oxidative stress +

ucinky PM — kardiovaskularni

- Blood
= - PM constituents reaching
- systemic circulation
“9\,‘\\)@0\5 -

UFP, metals
organic compounds

Cardiovascular

System

Vasoconstriction
Hypertension

Endothelial dysfunction
CV oxidative stress

CV inflammation

T Coagulation / thrombosis
T Atherosclerosis

T Plaque vulnerability

Acute MI, CVA, CHF
Chronic atherosclerosis

Brooks, Clin. Sci. 2008, 115: 175-187



Toxicke ucinky nanocastic (ENP)

Diesel Exhaust Particles Fullerene Nanotubes Dendrimers Quantum Dots
< B
Incidental Nanoparticles Engineered Nanoparticles

Stern et McNeil, Toxicol. Sci. 2008, 101: 4-21

* nanocastice - engineered nanoparticles (ENPs) - jsou
definovany jako umeéle pripravované Castice o velikosti 1 az
100 nm, které maji unikatni fyzikalné-chemicke vlastnosti
liSici se od vétsich Castic stejného chemického slozeni;

 unikatni vlastnosti jsou dany zejména vysokym pomerem
povrch vs. objem, radou reaktivnich mist na jejich povrchu;

 Siroké vyuziti ENP pfi vyrobé plastl, oble€eni, kosmetiky,
barev, elekroniky apod.; terapeutika;



Hlavni typy ENP

Table 1
Classification of nanoparticles
Formation Examples
Natural C-containing Biogenic Organic colloids Humic, fulvic acids
Organisms Viruses
Geogenic Soot Fullerenes
Atmospheric Aerosols Organic acids
Pyrogenic Soot CNT
Fullerenes
Nanoglobules, onion-shaped nanospheres
Inorganic Biogenic Oxides Magnetite
Metals Ag, Au
Geogenic Oxides Fe-oxides
Clays Allophane
Atmospheric Aerosols Sea salt
Anthropogenic (manufactured, [C-comaining By-product Combustion by-products CNT \
engineered) Nanoglobules, onion-shaped nanospheres
Engineered Soot Carbon Black
Fullerenes
Functionalized CNT, fullerenes
Polymeric NP Polyethyleneglycol (PEG) NP
Inorganic By-product Combustion by-products Platinum group metals
Engineered Oxides TiO,, SiO;
Metals Ag, iron
Salts Metal-phosphates
K Aluminosilicates Zeolites, clays, ceramics /

Nowack et Bucheli, Environ. Pol. 2007, 150: 5-22
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Fig. 3. Release of NP from products and (intended or unintended) applications:
(a) release of free NP. (b) release of aggregates of NP, (c) release of NP em- Groundwater
bedded in a matrix and (d) release of functionalized NP. Environmental factors

(e.g. light, microorganisms) result in formation of free NP that can undergo
aggregation reactions. Moreover, surface modifications (e.g. coating with nat-
ural compounds) can affect the aggregation behavior of the NP.

Nowack et Bucheli, Environ. Pol. 2007, 150: 5-22



Expozice ENP

* Inhalace — omezena tvorbou
agregatu, presto je dosud
povazovana za vyznamnou,
vysledky pokusu in vivo navic
naznacuji, ze mohou prechazet
do krevniho obehu — systemova
expozice;

« prechod do CNS v oblasti o¢niho
nervu;

* expozice pokozkou;

e peroralne;

D Ingestion

. Inhalation

D Dermal

- Parenteral

Stern et McNeil, Toxicol. Sci. 2008, 101: 4-21



Interakce nanocastic s bunkami

« chemické mechanismy — tvorba ROS, uvolfiovani toxickych
lontd, naruseni transportu iontd pres bunééné membrany,
peroxidace lipidu, surfaktanty — obecné je ale za hlavni
toxicky mechanismus této kategorie povazovana tvorba ROS
souvisejici se zanétlivou reakci a indukci apoptozy;

 fyzikalni mechanismy — narusovani struktury membran,
transportu pfes membrany, misfolding a agregace proteinu,
prima interakce s DNA;

« modulace bunécnych obrannych mechanismu — napf.
fagocytoza;



Toxické ucCinky nanocastic
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Protein Binding

Stern et McNeil, Toxicol. Sci. 2008, 101: 4-21

Lysosomeg

- physical damage

Nucleus
« DNA damage

Nanoparticles
Vesicle
- lipid peroxidation

@

Golgi apparatus
- protein misfolding
- protein oxydation

Mitochondria Membrane
- mitochondrial damage - disruption of cell membrane
- oxidative damage

- surfactant damage

- damage by toxic ions

Elsaesser et Howard, Adv. Drug Delivery Rev. 2012, 64: 129-137



Toxické ucCinky nanocastic
* nanotoxikologie — velmi prudce se rozvijejici vedni obor;
 fada specifickych problému — aplikace a testovani ENP,
absence epidemiologickych dat, limitovana vypovedni

hodnota in vitro testu;

« VvV soucasne dobe je nutno k vyjadrenim o toxicite ENP treba
pristupovat velmi opatrné — nutno ziskat vice dat;



Toxické ucinky latek pouzivanych pri vyrobe
plastu
« plastifikatory (zmekcCovadla) — aditiva zvysujici pruznost
materialu; v pripadé plastu se jedna zejména o latky zvySujici
pruznost materialu z PVC,;

O
- ftalaty — estery kyseliny ftaloveé;

OR
OR'

O

« bisfenol A — vyuzivany pfi vyrobé polykarbonatu a epoxy
pryskyfric;




Toxickeé ucinky ftalatu

jedna se o volatilni slouceniny, které se mohou pomerne
snadno uvolfiovat z plastovych vyrobku

mezi nejCastéji studovane patfi napf. dibutylftalat,
diethylhexylftalat, dimethylftalat, butylbenzylftalat;

hlavni zdroje expozice — potraviny, kosmetika, plastové
vyrobky — hracCky;

v in vivo modelech laboratornich hlodavcu mj. pozorovany
dopady na vyvoj varlat, embryonalni letalita, malformace
embryi, naruseni vyvoje pohlavnich organu;



Toxické ucinky ftalatu
mozné mechanismy toxicity zahrnuji modulaci tvorby
steroidnich hormonu;
slaba estrogenni/anti-androgenni aktivita;
diabetes?, obezita?;
diestery jsou in vivo rychle metabolizovany na monoestery —
aktivni metabolity:

Monoathyl (MEP) Monaobutyl (MBP) Monopentyl (MPP)
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Lovekamp-Swan et Davis, Env. Health Persp. 2003, 111: 139-145



Syndrom testikularni dysgeneze??

Genetic defects / polymorphisms
e.g. 46 XY / 45 XO

Environmental factors
incl. endocrine disruption

Abnormal Testis Development
i.e. testicular dysgenesis

Impaired germ cell |
differentiation  Altered leydig cell

7

Altered sertoli cell
differentiation / function differentiation / function

Androgen insufficiency

TESTICULAR DYSGENESIS SYNDROME

-

Rat DBP Model

Human Syndrome

inefficient spermatogenesis
cryptorchidism
hypospadias

testicular germ cell tumours

reduced spermatogenesis
cryptorchidism
hypospadias
multinucleated gonocytes

Fisher, Reproduction 2004, 127: 305-315



Human Reproduction, Vol.24, No.9 pp. 2053-2060, 2009
Advanced Access publication on May 14, 2009 doi:10.1093/humrep/dep|74

Ihuman . OPINION
reproduction

Does a testicular dysgenesis
syndrome exist?

Olof Akre''%3 and Lorenzo Richiardi'

Cryptorchidism —— Manly causal —— Impaired spermatogenesis
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Associated with W Both shared risk

each other as well factors and tumor-

as with other birth L caused infertility
defecls g

?
v
Hypospadias -----------; ? peemmemmeeea- » Testicular cancer

« zaver — souCasné epidemiologicke studie neprokazaly
souvislost mezi vSemi temito jevy a environmentalni expozici;



Toxickeé ucinky bisfenolu A (BPA)

 toxicke ucinky BPA — jaky je jeho skuteCny dopad na lidskou
populaci?

* Jedna z nejvice rozsirenych chemickych latek vyrabenych

Clovekem — globalni produkce BPA presahuje 2 mil. tun/rok;
vyuziti zejména pfi vyrobé polykarbonatu;

0
CHs — 0 — C"h
—_— — ..—-J —
nHo—< :>—|—<\ }—OH on N =m0 @ @ o
CHy - ¢’ al ks .



Toxickeé ucinky bisfenolu A (BPA)
slaby estrogen - afinita BPA vuci ERa je cca 10.000 X nizSi
nez afinita estradiolu;

muze mit ale dalSi u€inky na endokrinni systém;

potencialni ucinky na nervovy system a thyroidni hormony;
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