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Possible adverse health‐effects 
of nanoparticles in humans

• Experimental studies ‐ oxidative stress, pro‐inflammatory 
effects and a possible development of fibrosis, pulmonary 
emphysema and/or cancer. 

• Extensive experimental evidence that oxidative damage 
permanently occurs to lipids of cellular membranes, proteins, 
and nucleic acids 

• MONTEIRO‐RIVIERE, N.A., TRAN, C.L. Nanotoxicology: characterization, dosing and health 
effects. New York: Informa Healthcare USA, 2007.

• BAKAND, S., HAYES, A., DECHSAKULTHORN, F.  Nanoparticles: a review of particle toxicology 
following inhalation exposure. Inhalation Toxicology, 2012

• KARLSSON, H.L., Gustafsson, J.,CRONHOLM, P, MOLLER, L.  Size‐dependent toxicity of metal 
oxide particles‐a comparison between nano‐ and micrometer size. Toxicology Letters 2009

• There are no other human studies
• What non‐invasive methods could be used for preventive

examinations?



OXIDATION
of proteins, nucleic  acids and lipids

Reactive oxygen species remove hydrogen atom from unsaturated acids  (such as 
arachidonic acid ) and initiate lipid peroxidation in vivo.

Lipid peroxidation of membrains



Lipid peroxidation - direct

isoprostanes (8‐isoprostane)

biologically active aldehydes 
(HNE, HHE, MDA,…)

Arachidonic acid

polyunsaturated acids of the cellular membranes

hydroxy‐trans‐2‐nonenale (HNE)

malondialdehyde (MDA)

(direct oxidation ‐ ROS)

n‐hexanal (C6), n‐heptanal (C7), C8,..C13

direct oxidation (ROS)



Lipid peroxidation - enzymatic

lipids of the membranes

Arachidonic acid

lipoxygenase Markers of inflammation

leukotrienes (3 double bonds)

cysteinyl- LTC4, LTD4, LTE4LTB4



STUDY IN WORKERS IN PRODUCTION
OF TiO2                                                                                         February 2012

PIGMENT to provide whiteness and opacity to products such as 
• paints, coatings, plastics, papers, inks, foods, medicines (i.e. pills and 

tablets), most toothpastes. 

WORKERS EXPOSED TO TiO2:
20 males
34±5 years, 11 smokers, 9 non-smokers
mean exposure 9.1±4 years
Pre-shift examination
Post-shift examination

CONTROLS
19 male volunteers
35±5 years, 11 smokers, 8 non-smokers



STUDY IN WORKERS/CONTROLS

METHODS

History of the subjects, medication
Physical examination of the subjects, blood pressure,…
Spirometry
Exhaled breath condensate (EBC) –

markers of oxidative stress and inflammation
FeNO –fractional exhaled nitric oxide - inflammation
Urinalysis
Ti in urine
Ti in EBC
Aerosol measurement at the workplace



Exhaled breath condensate (EBC)     
collection

System for non‐invasive
collection of substances from 
the respiratory system
after cooling to ‐10°C (Jaeger).

EBC contains:
1) condensed H2O 
2) non‐soluble particles from 

the fluid released from the 
respiratory bronchioles 
contracting during expiration

3) water soluble particles



Method of EBC
Horvath et al. 2010

ADVANTAGE
+ non-invasive examination
+ can be repeated  without 

limitation
+ children, elderly people, 

patients
+ not lowered by 

smoking

DISADVANTAGE

- high price of LC-ESI-
MS/MS analysis

- not standardized method



Markers measured in EBC and urine
LC-ESI-MS/MS analysis

• C6‐C13
• malondialdehyde (MDA)
• 4‐hydroxy‐trans‐nonenale (HNE) oxidation of lipids
• 4‐hydroxy‐trans‐hexenale(HHE) 
• 8‐isoProstaglandin F2α (8‐isoprostane) 
• 8‐hydroxy‐2‐deoxyguanosine (8‐OHdG)
• 8‐hydroxyguanosine (8‐OHG) oxidation of nucleic acids
• hydroxymethyl uracil (HMeU) 
• o‐tyrosine (o‐Tyr)
• 3‐chloro‐tyrosine (3‐Cl‐Tyr) oxidation of proteins
• nitrotyrosine (NO‐Tyr)

• leukotrienes LTB4, LTC4, LTD4, LTE4 markers of inflammation
• FeNO ‐ fraction of exhaled NO



FeNO (fraction of exhaled NO) 

• inflammation in the respiratory system with acidic pH in 
asthma (eosinophilic)

• standard method ERS / ATS
• Easy, simple, non‐invasive measurement
• disadvantage: lower in smokers due to damage of epitelium of 

airways where NO is formed from L‐arginine



NUMBER CONCENTRATIONS 
in the interval 
from 10,000 to 200,000
particles/cm3 

measured with
P‐TRAK (#/cm3)

MASS CONCENTRATIONS 
between 0.1 to 30 mg/m3 

measured with
DustTRAK DRX (mg/m3).

4 shifts

EXPOSURE MEASUREMENT AT THE WORKPLACE

Maps of total concentrations of aerosol particles  of TiO2 white pigment production

Over 90% of those particles were smaller than 100 nm in diameter



EBC and urine

• Identical markers in urine (LC-ESI-MS/MS 
analysis)

• Ti in EBC
• Ti in urine 

(X-Ray Diffraction method)



Oxidation products of lipids, including C6**‐ C12**
and nucleic acids
in the EBC in Workers (Pre-shift and Post-shift)          
and Controls

Pelclova D. 2012. Markers of oxidative stress are elevated in workers exposed to nanoparticles. NANOCON 2012 Conference, 
Brno, Czech Rep., October 23‐25. 



Oxidation products of proteins and leukotrienes in the
EBC, and FeNO of Workers (Pre-shift and Post-shift) 

and Controls

Pelclova D. 2012. Markers of oxidative stress are elevated in workers exposed to nanoparticles.  NANOCON 2012 Conference, 
Brno,  Czech Rep. October 23‐25. 



FeNO – fraction of exhaled nitric oxide

FeNO Diagnostic interpretation
<20 Inflammation not probable

20-35 Mild inflammation possible
35-50 Inflammation proven
>50 Inflammation important with eosinophillic

inflammation and more intensive treatment needed

FeNO ppb
Pre-Shift 40±9*
Post-Shift 35±8*

smokers 31±8
non-smokers 45±16*

Controls 22±8



WHAT THE RESULTS MEAN?

• First study, limited group of 20 workers
• Young workers, average  9 years of exposure

• The markers were elevated before the shift 
• and no further increase due to 8 h working occurred
• Chronic effects(?)
• Effect of nano‐sized particles?



2nd STUDY IN WORKERS IN PRODUCTION
OF TiO2 and Fe nano pigments April 2013

Post-shift

WORKERS EXAMINED:
1. group - 14 workers (+nano)TiO2

2. group - 14 workers (+nano) Fe pigments
3. group - 22 office employees
4. group - 25 controls



TiO2 (+nano) pigment exposure

Fe oxides (+nano) pigments production
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WHAT NEXT?
• Further examination of the samples was started :
• Atomic force microscopy (AFM) – size, morphology of particles
• Raman microspectroscopy - chemical micro‐analysis, and automated

Raman mapped images (anatas, rutil, soot,.).

• Follow‐up of these workers, intervention – vitamin supplement,
• lowering exposure
• More studies are urgently needed
• Suitable for periodic examinations of the workers exposed to 

nano‐sized particles



Thank all co-workers
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Ti in urine in workers and controls:
under the detection limit 2 mcg/l

Ti  in the exhaled breath condensate (mcg/l)
Pre‐shift 20.05±4.09 mcg/l, Post‐shift 20.10±4.15 mcg/l
– under the detection limit in 18 controls

Research
plant

I  n  d  u  s  t  r  i  a  l    p  l  a  n  t



EBC Conductivity measurement

Aren´t the markers influenced by the concentration of the bronchial 
fluid?

Dilution indicator – CONDUCTIVITY MEASUREMENTS 
(correlates with plasma levels)

Effros et al J Appl Physiol 2005, Hunt J, CHEST 2011 

FE30 – FiveEasy™ (Mettler Toledo, Switzerland) with conductivity probe InLab®751‐4mm),
enabling measurement in the range of 0.001‐120 mS/cm in small volumes. 
EBC samples were measured both without pretreatment in polypropylene microvials (EBC
volume 0.5 ml), 
and after lyofilization and following dissolution in water (0.5 ml added, water conductivity
0.008 mS/cm) – to remove NH4

+.



EBC CONDUCTIVITY MEASUREMENT
and pH

Dilution indicator
No significant difference from the controls
But pH more acidic in the workers

CONDUCTIVITY µS/cm pH

Workers Pre-Shift 139±46 4.83*

Workers Post-Shift 129±31 4.96*

Controls 115±22 5.74



Ti and 8‐isoprostane in EBC
Pre‐Shift sample – industrial part 

y = 1,849x ‐ 2,345
R= 0,994
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Ti and 5‐OHMeU in EBC
Pre‐Shift sample – industrial part

y = 0,804x + 5,460
R = 0,558

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35

5‐OHMeU (pg/mL)

Ti (pg/mL)



Urine ‐Markers of oxidation of lipids
C6*, C7*, C10*, C12* and nucleic acids
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Urine ‐Markers of oxidation of proteins in urine
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Photocatalytic properties of TiO2

• In 1972, Fujishima and Honda ‐ interesting 
property of TiO2

• after the irradiation of TiO2 by UV light, 
TiO2 mediated chemical reaction – the production 
of H2 and O2 from water.

• Hydroxyl radicals are produced during the light‐
induced redox reactions as main reactive species 
responsible for the oxidative degradation of 
organic pollutants in water with TiO2 as a 
photocatalyst. 


