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Introduction

 Nanomaterials have been used in commerce since the 
early 2000s. 

 Nanomaterials are now being used in many different 
types of commercially available products, including 
electronics, medical and health care products, 
advanced polymers, food, textiles, athletic gear, and 
household products.

 As of August 2016, an inventory of nanomaterials-
based consumer products in a publicly available 
website contained 1,827 products.

 Global Market for Nanotechnology to Reach $3.3 Trillion by 
2018
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http://www.nanotechproject.org/inventories/consumer/browse/products/
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NIOSH

Manufacturing and Handling of nanomaterials



Toxicity of Engineered Nanoparticles                 

Animal inhalation studies of engineered 
nanoparticles based on the unrealistic large-
dose hazards

Inflammation, Granuloma, Pulmonary fibrosis

Cardiovascular effects
Oxidative stress
Plaque, Mesothelioma-like effects
Lung cancer

Occup. Disease Report: Four cases;

Epidemiological Study on low dose exposure: 
Some;

Oberdörster et al. 2005; Hesterberg et al. 2006; Borm et al. 2006; Stern et al. 

2008; Hesterberg et al. 2009; Hesterberg et al. 2010; Hubbs et al. 2011



Suspected cases caused by nanoparticles

 Occup exposure to “spray paint” in China in 2009
Polyacrylate , Silica nanoparticles (Song et al. 2009)

 Acute respiratory distress syndrome (ARDS) and 
kidney tubular necrosis : case report  (South Africa, 
2010)

nickel nanoparticle (Phillips et al, 2010)

 Submesothelial deposition of carbon nanoparticles 
after toner exposition: case report (Germany, 2011).

carbon black (Theegarten et al, 2011)  

 Allergic dermatitis, asthma, rhinitis: case report 
(Canada, 2014)

nickel nanoparticle (Journeay et al, 2014) 



Epidemiological Studies of Nanomaterial Workers

 17 nanoepidemiologic studies, 

included

 13 published peer-reviewed articles;

 4 unpublished articles;
-- 1 doctoral dissertation;

-- 1 conference paper; and

-- 2 conferences abstracts.

 Exclude natural (legacy) nanomaterial (carbon black)

 3 additional ongoing studies in the USA, France, and 
Australia

6Liou et al. [2015]
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Author(Year) (Journal) Country Nanomaterials Sample size 
(exposed/ control)

DESCRIPTIVE STUDY
Lee et al, 2012 (Nanotoxicology
2012;6:667-9)

Korea nanosilver 2

Pelclova et al, 2015 (J. Breath Res. 9 
(2015) 036008)

Czech Republic TiO2 (70-90% TiO2 <100 nm.) 20/20

CROSS-SECTIONAL STUDY
Liou et al, 2012
(J Nano Res 2012;14:878-892)

Taiwan Various
(carbon nanotubes, silica dioxide, titanium dioxide, 
nanosilver, nanoresin)

227/137

Liao et al, 2014
(Ind Health 2014;52:199-215)

Taiwan Various
(ditto)

258/200

Wu et al, 2014
(Int. J. Mol. Sci. 2014, 15, 878-894)

Taiwan Various
(ditto)

241/196

Lee et al, 2015
(Nanotoxicology, 2015;9(6):802-11)

Korea MWCNT 9/4

Ichihara et al, 2016
(J Nanopart Res 2016;18:52)

China TiO2

The particle diameter ranged from 46 to 560 nm.
16(4)/?

Fatkhutdinova et al. 2016 
(Toxicology and Applied 
Pharmacology 2016;299:125–131)

Russia multiwalled carbon nanotubes 11/14

Pelclova et al, 2016 (Occup Environ 
Med 2016;73:110–118.

Czech Republic TiO2 (70-90% TiO2 <100 nm.) 36/45

Pelclova et al, 2016 (J. Breath Res. 
10 (2016) 016004)

Czech Republic Fe oxides (81-98% <100 nm) 14/14

Liou et al, 2016 (Biomarkers, 
2016;24:1-7)

Taiwan TiO2, SiO2, Indium Tin Oxide (ITO) 127 (32, 39, 56)/100

Pelclova et al, 2016 (J. Breath Res. 10 

(2016) 036004)
Czech Republic TiO2 (80% TiO2 <100 nm.) 52(30 exposed/22 

office workers)/45

LONGITUDINAL STUDY
Liao et al, 2014
(Nanotoxicology 2014;8(S1):100-
110)

Taiwan Various
(ditto)

124/77

Thirteen published epidemiological studies on nanomaterials handling workers
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Study type, authors, year 

(presentation)

Country Nanomaterials Sample size (no. 

exposed/no. controls)

CROSS-SECTIONAL

Cui, 2013

(PhD thesis, UW)

China Calcium carbonate 66-102/?

Vermeulen et al., 2014

(2014 EPICOH)

Netherlands CNTs 8 operators + 16 R&D 

workers/43

LONGITUDINAL 

Liou et al., 2013 (2013 EPICOH) Taiwan Various 206/140 followed up no 

less than 2 times

Cui, 2013

(PhD thesis)

China Calcium carbonate 66-102/?

Pelclova et al., 2014b (EUROTOX) Czech 

Republic

TiO2 (70–90% of particles 

<100 nm)

14/25

Four unpublished epidemiological studies on nanomaterials handling 

workers



Study design

 12 cross-sectional studies;

 4  longitudinal studies with repeated 
measurements (panel study);

 2  descriptive epidemiological study;

 Total=17

 1 study had both cross-sectional and 
longitudinal study design.

9Liou et al. [2015, in process]



Nanomaterial studied

 MWCNT: 3 (+ USA)

 TiO2: 3

 Fe2O3: 1

 Ca carbonate: 1;

 Mixed: 1
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Author(Year) 
(Journal)

Country Nanomaterials Major findings

CROSS-SECTIONAL 
Liou et al, 2012 Taiwan Various

(carbon nanotubes, 
silica dioxide, titanium 
dioxide, nanosilver, 
nanoresin)

Decreased antioxidant enzymes superoxide dismutase (SOD) and glutathione 
peroxidase (GPX) and increased cardiovascular markers, fibrinogen, intercellular 
adhesion molecule (ICAM), and interleukin 6 in exposed workers

Liao et al, 2014 Taiwan Various
(ditto)

The only symptom identified as significantly work-related was sneezing. The only 
disease significantly worsened by work was allergic dermatitis. 

Wu et al, 2014 Taiwan Various
(ditto)

A significant association between risk level 2 of NP exposure and FENO. nano-TiO2 in 
all of the NM exposed categories had a significantly increased risk in FENO > 35 ppb.

Lee et al, 2015 Korea MWCNT The malondialdehyde (MDA), 4-hydroxy-2-hexenal (4-HHE), and n-hexanal levels in 
the EBC of MWCNT manufacturing workers were significantly higher than those in 
the office workers. .

Ichihara et al, 2016 China TiO2  (46 to 560 nm) The study showed that exposure to particles with a diameter <300 nm might affect 
HRV in workers handling TiO2 particles.

Fatkhutdinova et al. Russia multiwalled carbon 
nanotubes

Exposure to MWCNTs caused significant increase in IL-1β, IL6, TNF-α, inflammatory 
cytokines and KL-6, a serological biomarker for interstitial lung disease in collected 
sputum samples. 

Pelclova et al, 2016 Czech 
Republic

TiO2 (70-90% TiO2

<100 nm.)
Accordingly, most EBC oxidative stress markers, including in the preshift samples, 
were higher in production workers than in the two other groups. Multiple regression 
analysis confirmed an association between the production of TiO2 and the levels of 
studied biomarkers.

Pelclova et al, Czech 
Republic

Fe oxides (81-98% 
<100 nm)

Almost all markers of lipid, nucleic acid and protein oxidation were elevated in the 
EBC of workers comparing with control subjects. Markers in urine were not elevated.

Liou et al, 2016 Taiwan TiO2, SiO2, Indium Tin 
Oxide (ITO)

Exposure to TiO2, SiO2, and ITO resulted in significant lower antioxidant enzymes 
(glutathione peroxidase and superoxide dismutase) and higher oxidative biomarkers 
8-hydroxydeoxyguanosine (8-oxodG) than comparison workers. 

Pelclova et al, 2016 Czech 

Republic

TiO2 (80% TiO2 <100 

nm.)

All LT levels in workers' EBC were elevated relative to the controls (p  <  0.01). LTs in the 

EBC sample were correlated with titanium levels. 

Cui, 2013

(PhD thesis, UW)

China Calcium carbonate IL1β  and IL8 in sputum ↑

Vermeulen et al., 2014

(2014 EPICOH)

Netherland

s

CNTs Immuno-cytokines ↑

+

+

+
+

+
+

+

+
+

+

Major findings of 12 cross-sectional epidemiological studies 

+

+



Analysis of 12 cross-sectional studies

 All 12 cross-sectional studies showed 
biological changes that might be 
indicative of early adverse health effects 
with exposure to engineered 
nanomaterials.

 In addition, Taiwan’s study found 
excessive sneezing and allergic 
dermatitis in nanomaterial workers.

(weakness of cross-sectional study: lack of 
temporality and causal)
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Biological markers were categorized into four 
organs/systems

 1. Oxidative damage: increased EBC markers of lipid oxidation, including 
MDA, HNE, HHE, and 8-isoprostane, n-hexanal, C6-C12; markers of oxidation 
of nucleic acids and proteins, including 8-OHdG, 8-OHG, 5-OHMeU, 3-ClTyr, 
3-NOTyr, o-Tyr; and urine C6, C7, C10, C12, HHE, 8-OHG and 3-ClTyr., 
decreased anti-oxidant enzymes (superoxide dismutase (SOD) and 
glutathione peroxidase (GPX)).

 (5 positive in EBC or sputum; 1 positive in plasma or urine);

 2. Lung: increased lung fibrosis markers (serum TGF-β1 and sputum KL-6), 
increased lung inflammation markers (sputum IL-1β and IL-8, FeNO), 
increased EBC LT B4, C4, and E4, reduction of lung function ( FEV1%, 
FEV1/FVC, MMF, PEFR, and FEF25%), and increased pro-inflammatory 
cytokines (IL-1β, IL-6, IL-8, MIP-1β, and TNFα); 

 3. Cardiovascular: increased cardiovascular effect markers (fibrinogen, 
intercellular adhesion molecule (ICAM), and interleukin 6), total number or 

percentage of RR 50+/- in HRV; 
13
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Study type, authors, 

year (presentation)

Country Nanomaterials Major findings Sample size (no. 

exposed/no. 

controls)

LONGITUDINAL 

Liao et al, 2014 Taiwan Various
(ditto)

Changes of the antioxidant enzymes (decreased SOD and GPX), cardiovascular 
markers (increased VCAM, decrease of paraoxonase), the small airway damage 
marker (decreased Clara cell protein 16), and lung function parameters 
(decreased MMF, PEFR and FEF25%) were significantly associated with 
nanomaterial-handling

122/77

Liou et al., 2013 
(2013 EPICOH)

Taiwan Various No significant difference in 4-year follow-up study 206/140 
followed up no 
less than 2 
times

Cui, 2013
(PhD thesis)

China Calcium 
carbonate 

No significant cross-shift effect for FEV1, BP, and FENO. 66-102/?

Pelclova et al., 2014b 
(EUROTOX)

Czech 
Republic

TiO2 (70–90% of 
particles <100 
nm)

Ihe post-shift markers in 2013 were elevated versus post-shift markers in 2012 
for all markers of oxidation of lipids, nucleic acids, and proteins .

14/25

Major findings of 4 longitudinal (panel) epidemiological studies 

+

-

-

-



Analysis of 4 longitudinal studies 

 Only 1 (Taiwan study) of the 4 longitudinal 
panel studies indicated increased markers of 
biological changes in the exposed group 
during a 6-month follow-up study. 

 However, extended four-year follow-up study 
has shown to be negative in Taiwan. 

  None of longitudinal study is positive

 (GEE analysis for repeated measurements)

 GEE: Generalized Estimating Equation
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Conclusions

 It appears that some categories of biomarkers (esp. 
oxidation and inflammation markers) may be 
influenced by worker exposures to nanomaterials.  

 Longitudinal follow-up studies with repeated 
measurements are required to confirm chronic and 
cumulative effects of nanomaterial exposure.

 Most critical is appropriately characterizing the 
exposure of workers to study dose-response 
relationship. Nanoparticles in the EBC may be used 
as biomonitoring markers of exposure and be 
correlated with effect markers in EBC. 



16



Acknowledgements

 Dr. Daniela Pelclova

Department of Occupational Medicine, First Faculty of Medicine, Charles 

University in Prague, Czech Republic

 Dr. Candace Tsai   
School of Health Sciences and Birck Nanotechnology Center, 

Purdue University, IN, USA

 Drs. Mary Schubauer-Berigan and  Paul Schulte 

Division of Surveillance, Hazard Evaluations, and Field Studies, National Institute 

for Occupational Safety and Health, Cincinnati, OH, USA



shliou@nhri.org.tw



19



20


