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SUMMARY

The long-term effects of exposure to nanoparticles in humans are not known, and
experimental data suggest oxidative stress and cellular damage. In practice, there is a lack
of guidelines for biomonitoring the effects of worker exposure to nanoparticles. Over the
past 10 years, our group has studied oxidative stress markers in several exposed groups
of workers. Aerosol exposure has been monitored during the following work activities:
nanoTiOz production (2012 and 2013), Fe oxide pigment production (2013), and
nanocomposites research (2016-2020). Both online and offline instruments were used
for the studies, including the Berner Low Pressure Cascade Impactor (BLPI), gravimetric
analysis, Scanning Mobility Particle Sizer (SMPS), Aerodynamic Particle Sizer (APS),
Condensation Particle Counter (CPC), and other instruments as described in our
publications.

Elemental contents were analyzed by scanning electron microscopy/energy
dispersive X-ray spectroscopy (SEM /EDS). The total particle number concentration
ranged from 1.98x10* to 5.4x105/cm3 and the nanoparticle fraction was 40-95%. Panels
of oxidative stress biomarkers in the form of lipids, nucleic acids and protein damage were
analyzed in exhaled breath condensate (EBC), plasma and urine pre-shift and post-shift
using liquid chromatography-electrospray ionization tandem mass spectrometry (LC-
ESI-MS /MS). Markers for oxidation of lipids, nucleic acids, and proteins in EBC and
plasma were already elevated in pre-shift samples (p < 0.05) of workers compared to
controls and showed additional post-shift elevation. The best time to collect all samples
is post-shift at the end of the work week. Then, markers of oxidative stress in all three
biological fluids, including urine, reflect both acute (cross-shift) and chronic effects of
exposure.

UuvoD

Zdravotni Ulinky expozice nanodisticim na ¢lovéka nejsou dosud znamy,
experimentalni tdaje dokumentujf oxidaéni stres a poskozeni bunék v souladu s nalezem
zvySenych markeri oxidaéniho u pacientd se silikézou plic a nemocemi z azbestu, tedy s
expozici prokdzanym karcinogeniim pro ¢lovéka (Pelclova et al. 2007, 2008). Pies rychle
rostoucf pocet osob exponovanych nano&asticim je pocet publikaci velmi nizky a zcela
chybi doporucené postupy pro biomonitoring vlivu expozice nano&4sticim na pracovniky
(Liou etal. 2017).

METODY

Béhem poslednich 10 let studovala na$e skupina markery oxida¢niho stresu
v biologickém materialu u nékolika skupin exponovanych pracovniki. Expozice aerosolu
byly méfeny u téchto pracovnich operacf: vyroba pigment{i nanoTiO, (2012 a 2013),
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vyroba pigmentd Fe-oxidil (2013) a vyzkum a pfiprava nanokompozitnich materiala
(2016-2020). Soubézné byli v roce 2013 vySetfeni zaméstnanci z kancelati, kontrolujict
provoz v dilnach sTiO2 po 15 min pracovni doby denné, a ve v3ech letech také
srovnatelné velké kontrolni skupiny ze stejné lokality bez expozice nanomaterialiim.

V kondenzatu vydechovaného vzduchu, plazmé a moc¢i byly analyzovany biomarkery
oxidativniho stresu z poskozeni lipidii malondialdehyd (MDA) a 8-isoProstaglandinF2a
(8-isoprostan); markery oxidace nukleovych kyselin 8-hydroxy-2-deoxyguanosin (8-
OHdG), 8-hydroxyguanosin (8-0HG), a 5-hydroxymethyl uracil (5-OHMeU); a markery
poskozeni proteinii o-tyrosin (o-Tyr), 3-chlorotyrosin (3-CLTyr) a 3-nitrotyrosin (3-
NOTyr).

Tab. 1 Charakteristika vy$etfovanych osob a zdkladni parametry expozice.

— Hmotnostni Potetni
Polet] ... Podilnano| = | koncentrace k‘m‘:e“_t,"a‘-'e
osob tastic }]den (mediin) (medién)
mg/m? No/cm?
TiO22012 20 | 34x8 80 % 7.5 hod 0,65 19 800
délnici
TiOz2 2013
14 34+5 7.5 hod 0,40 23200
délnici B0 %
TiO2 2013 .
aredmici 22 44+4 80 % 15 min 0,40 23 200
Fe-oxidv 2013
14 438 7.5 hod 0,083 66 800
délnici B0 %
Nanokompozity|
vyzkumnici 61 |40x12| 40-95% 3,0 hod 0,12-1,84 48 000-540 000
2016-2018
Kontroly 2012-| Srovnatelny pocet osob,
G 2 i
2018 vk, pohlavi Bez expozice nanoddsticim
VYSLEDKY A DISKUSE

Udaje o expozici jsou uvedeny v Tab. 1. Markery oxidace lipidi, nukleovych kyselin a
proteint byly zvy$eny v biologickych vzorcich od pracovnikil jiZ pfed sménou (p<0,05) ve
srovnani s kontrolnimi osobami. Efekt byl je$té vyraznéjsi po sméné, kde byly zvySeny
markery u viech skupin osob proti kontrolni skupiné (Pelclova et al., 2020). Jedinou

vyjimkou byl 8-isoprostan u pracovnikili z kancelafi provozu TiO3, i zde vSak marker
vykazoval obdobny trend, viz Obr. 1.
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Obr 1: Markery oxidacnfho stresu v kondenzatu vydechovaného vzduchu u profesionélné
exponovanych skupin pracovnikii na konci pracovni smény a v kontrolnf skupiné. MDA =
malondialdehyd, 8-isoprostane = 8-isoProstaglandinF2a, 8-OHdG = 8-hydroxy-2-
deoxyguanosin, 8-OHG = 8-hydroxyguanosin, 5-OHMeU = 5-hydroxymethyl uracil, o-Tyr
= o-tyrosin, 3-CITyr = 3-chlorotyrosin, 3-NOTyr = 3-nitrotyrosin.

Vzorky moti vykazovaly stejny trend, aviak bez statistické vyznamnosti a bez zvySeni po
sméné. NaSe data byla porovnéna se studiemi jinych vjzkumnikéi a EBC a plazmatické
markery oxida¢niho stresu méfené vysoce citlivfmi metodami LC-ESI-MS /MS souhlasily
s naSimi daty a vykazaly ndriist ihned po sméné (Wu et al. 202 1), na rozdil od markert v
modi, které se zvy3uji aZ o 24-vice hodin pozdgji (Zhang etal. 2022).

ZAVERY

Markery oxidaéniho stresu mohou byt dostupnou metodou k monitorovéni efektu pii
inhalaci nanotasticim v pracovnim prosttedi, lze pfitom vyuZit neinvazivniho odbéru
tekutin. Vzhledem k experimentilnim studifm i vysledkim studif u pacientt s inhala¢ni
expozici karcinogennimu Si0; a azbestu je pot¥ebné monitorovat expozici kromé méfeni
aerosold v ovzdus{ také timto expozi¢nim testem z biologického materi4lu. Minimalni
velikost skupiny je 20 pracovnikd a 20 kontrolnich osob ze stejné lokality. Doporutujeme
vySetfit alespofi jeden marker oxidace lipidd, nukleovych kyselin a proteinti. Vhodné
nacasovani je po sméné na konci tydne, kdy markery oxida¢niho stresu ve véech tfech
biologickych tekutindch odrézeji jak akutnf, tak chronicky efekt expozice.
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