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Abstract: The rapid growth of nanotechnology has increased the occupational exposure to nano-
materials. On the other hand, a growing body of evidence considers exposure to these materials to
be hazardous. Therefore, it is necessary to examine the effects of occupational exposure to these
materials by different methods. Biological monitoring, especially the investigation of oxidative
stress induced by exposure to nanomaterials, can provide useful information for researchers. This
study systematically reviews studies that have investigated oxidative stress caused by occupational
exposure to nanomaterials. The search was conducted on the PubMed, Scopus and Web of Science
databases. Of the 266 studies we obtained in our initial search, eventually 11 were included in our
study. There is currently no specific biomarker for investigating oxidative stress induced by expo-
sure to nanomaterials. Therefore, the reviewed studies have used different biomarkers in different
biological fluids for this purpose. Also, the methods of assessing occupational exposure to nanoma-
terials in the investigated studies were very diverse. Given the approach of the investigated studies
to biomarkers and exposure assessment methods, finding a specific biomarker for investigating
exposure to nanomaterials seems unattainable. But reaching a group of biomarkers, to assess expo-
sure to nanomaterials seems more applicable and achievable.
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Introduction

Nanotechnology has emerged, formed and developed
rapidly in recent decades”. The advances in this field are
primarily due to the small size of nanoparticles, and sub-
sequently to the unique properties of nanoscale materials;
physical, chemical, electrical, magnetic, mechanical, ther-
mal, optical, and other properties which distinguish them
from other materials; even if they have the same chemical
composition> ¥, These new features, in addition to the
many applications they have created for nanomaterials in
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various industries and scientific fields, have raised con-
cerns about the effects of nanomaterials on human health
and the environment. These concerns have been driving
the design and implementation of numerous research and
publication articles since the 1990s on the effects of nano-
materials on the environment, plants, laboratory animals,
various human cells, and so on*?.

Concerns have been raised about nanomaterials when in
vitro and in vivo studies showed that nanomaterials have
new biological properties in addition to specific physical
and chemical properties, including movement toward sec-
ondary target organs, poor clearance by macrophages, the
ability to transmit through the axons of sensory neurons,
and to reach intracellular structures such as mitochondria
and the nucleus®. It may be argued that the exposure of
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the workers of the manufacturing and consuming compa-
nies of nanomaterials is more important; because in the
processes involved in the production or use of nanomateri-
als or in processes that have nanomaterials as by-products,
these employees are the first to be exposed to these materi-
als”™. Forecasts suggest that 6 million workers worldwide
will be exposed to nanomaterials by the end of 2020'?.

Therefore, different studies have investigated the differ-
ent scenarios of occupational exposure to nanomaterials
and the effects of these exposures in different methods.
Some studies have also used conventional occupational
health practices to assess occupational exposure to nano-
materials; many studies, however, do not consider tradi-
tional occupational health practices to be appropriate for
assessing exposure to nanomaterials and have proposed
new approaches, equipment, and methods'!''¥. The reason
for the need for new methods to nanomaterial exposure
assessment and its potential impacts is that many of the
information needed for assessment, such as toxicologi-
cal information, how to measure and report occupational
exposure, and exposure scenarios, is not available for
nanomaterials'® '3, Therefore, different approaches have
been proposed and evaluated by different researchers and
organizations, each with their own strengths and weak-
nesses, which has led to a lack of consensus on the meth-
ods of assessment of occupational exposure and effects of
nanomaterials'®.

One of the researchers’ interests in investigating the
effects of nanomaterials is to measure the levels of differ-
ent biomarkers in different tissues and biological fluids of
exposed individuals. A wide range of biomarkers, includ-
ing Cancer/Fibrosis, Inflammation, Oxidative Stress, Car-
diovascular, Coagulation, etc., have been studied in blood,
urine, EBC (Exhaled breath condensate), WBC (White
blood cell) and...Y. One of the well-known mechanisms of
toxicity of nanomaterials is their ability to produce reac-
tive oxygen species (ROSs) and increase cell oxidative
stress' 18 Increased levels of oxidative stress in the cell
can affect its function and in some cases lead to cell death;
disruption of the function and death of cells can eventually

damage the body’s organs function'”.

Subjects and Methods

This systematic review study began with the determina-
tion of title and search keywords. MeSH (Medical Subject

Heading)” and mtree® were used to determine appropriate
search keywords. Next, using them, the search strategy
was compiled (Appendix 1) and the search was conducted
on the PubMed, Scopus and Web of Science databases.
The search was conducted among 2,000-2,020 articles.
After an initial search, 266 articles were found; after elimi-
nating duplicate articles, this number reached 227. Most of
these studies were related to the toxicology of nanomateri-
als, then most of the studies were related to occupational
exposure to nanomaterials, and finally several studies
have examined the environmental effects of nanomateri-
als. Subsequently, articles were reviewed by title, with 59
articles remaining after this step. By reviewing the abstract
of these 59 articles, 29 other articles were removed and the
remaining 30 were fully reviewed. Finally, 17 articles were
compared with our final criteria for staying in the study
(study should be cross-sectional, the exposure should be
occupational and biomarkers of oxidative stress should be
investigated), and 11 articles were reviewed in this study

(Fig. 1).
Results

In the present study, 11 studies that have investigated
occupational exposure to nanomaterials and its association
with oxidative stress were reviewed. Table 1 provides a
summary of the reviewed studies.

Occupational exposure to carbon nanomaterials

Carbon nanomaterials are widely produced and used in
large quantities worldwide. These materials are manufac-
tured in various forms of tubular, spherical, rod, fibrous,
and are used in various industries. Much research has been
done on the possible effects of these nanomaterials on
humans and the environment. Especially nanotubes and
nanofibers, which are usually considered more dangerous
than spherical nanomaterials because of their shape®”).
Some studies have also found them to be asbestos-like
and may cause fibrosis and malignancy®". Therefore,
they are among the few nanomaterials for which exposure
limits have been proposed®”. Among the studies, two
studies have examined occupational exposure to carbon
nanomaterials. The first study conducted at a multi-
walled carbon nanotube manufacturing plant in South
Korea®®. The study involved 14 workers of the factory
(9 workers exposed to nanomaterials, 4 non-exposed

A https://www.ncbi.nlm.nih.gov/pubmed/
B https://www.embase.com/#emtreeSearch/default
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Initial search:
266 articles

One of each two similar studies
obtained from different databases,
was deleted

Removed duplicates:
39

Articles screened:

227 Studies with titles that were very
far from the study objectives, were
deleted

Removed based on
title: 168

Assessed by abstract: Studies with titles related to

5 9 nanomaterials, that their abstracts
were far from the study objectives
were deleted

Removed based on
abstract: 29

Full text assessed:

30 Studies that did not fulfill the
study's criteria (Methods section)
were deleted

Removed based on
criteria: 19

Included in the
study: 11

Fig. 1. Flowchart of inclusion studies.

workers). EBC samples were taken from all of them and
H,0; (Hydrogen Peroxide), MDA (Malondialdehyde),
4-HHE (4-hydroxy Hexenal), n-Hexanal biomarkers were
evaluated in their samples. The results showed that the
level of MDA, 4-HHE, n-Hexanal biomarkers in EBC of
exposed individuals was significantly higher than non-
exposed workers. The second study was conducted in 12
US carbon nanotube/nanofiber manufacturing, consuming,
and distributing enterprises>”. The study involved 108 em-
ployees exposed to carbon nanotubes/nanofibers (the study
lacked an unexposed group). Sputum and blood samples
were taken from these subjects and a total of 37 differ-
ent biomarkers in their blood and 36 biomarkers in their
sputum were examined. The oxidative stress biomarkers
were 8-OHAG (8-hydroxy-2' -deoxyguanosine), MPO
(Myeloperoxidase), SOD (Superoxide dismutase) and GPx
(Glutathione peroxidase). The results showed that the level
of GPx and SOD biomarkers in sputum were significantly

J GHAFARI et al.

associated with exposure to nanotubes/nanofibers. Also,
the level of 8-OHdAG, GPx and SOD biomarkers in blood
were significantly associated with exposure to nanotubes/
nanofibers.

Occupational exposure to metal oxide nanomaterials
Studies show that most production and use among
nanomaterials is related to metal oxide nanomaterials®.
Increasing production and use of these materials also
increases the number of people exposed to them. Stud-
ies have shown that the main mechanisms of toxicity of
these substances are the production of metal ions and the
production of reactive oxygen species (ROSs), which
ultimately leads to increased cellular oxidative stress®.
Of the 11 studies, 6 have investigated occupational
exposure to metal oxide nanoparticles and in particular
TiO; (titanium dioxide). The first study was conducted at
a TiO; nanoparticle manufacturing factory in the Czech
Republic??. Thirty-nine employees (19 with occupational
exposure to TiO, nanoparticles and 20 non-exposed) par-
ticipated in this study. EBC samples were taken from all
participants and MDA, HNE (4-Hydroxynonenal), HHE,
8-isoprostane, 8-OHdG, 8-OHG (8-hydroxyguanosine),
5-OHMeU (5-hydroxymethyl uracil), o-Tyr (Oxidized
tyrosine), 3-Cl-Tyr (3-chloro-tyrosine), NO-Tyr (nitroty-
rosine) and LTs (leukotrienes) biomarkers were examined
in their EBC samples. The results showed that the level
of biomarkers in employees exposed to nanomaterials
was significantly higher than non-exposed workers. The
second study was conducted at a TiO, production plant
in the Czech Republic®®. The study involved 81 staff (36
with occupational exposure to nanomaterials and 45 non-
exposed). In this study, the levels of 8-OHdG, §8-OHG,
5-OHMeU, o-Tyr, 3-ClTyr and 3-NOTyr (3-nitrotyrosine)
biomarkers in EBC of workers were evaluated. The results
showed that the level of biomarkers studied was higher in
the exposed group than the control group. Multiple regres-
sion also showed a correlation between TiO; production
and the level of biomarkers studied. In the third study, 36
office workers of a TiO production plant in the Czech Re-
public were surveyed>?. Twenty-two of these employees
were occupationally exposed to nano-TiO; for less than
30 min daily, and the other 14 were nonexposed to nano-
TiO; as the control group. The level of 8-OHdG, 8-OHG,
5-OHMeU, o-Tyr, 3-ClTyr and 3-NOTyr biomarkers in
EBC and urine of these subjects were evaluated. The re-
sults showed that the level of these biomarkers in the EBC
of the exposed staff was significantly higher than that of
the control group. On the other hand, the level of urinary

Industrial Health 2020, 58, 492-502
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biomarkers did not differ significantly between the two
groups. In the fourth study, carried out at one of the TiO,
producing plants in the Czech Republic, 79 employees of
this factory were surveyed>?. Of these, 34 were exposed to
nano-TiO; and 45 were unexposed and were evaluated as
controls. In this study, malondialdehyde, 4-hydroxy-trans-
hexenal, 4-hydroxy-trans-nonenal, 8-isoProstaglandin F2a
and aldehydes C6—C12 biomarkers were investigated in
their EBC and urine samples. The results showed that the
level of all studied biomarkers in EBC samples of exposed
individuals was significantly higher than the control group.
Urinary biomarkers showed no significant difference.
There was also a significant relationship between exposure
to TiO; nanoparticles and the level of biomarkers studied.
The fifth study was conducted in Taiwan and among 130
employees of 14 metal oxide nanoparticle (TiO2, SiO;
(Silicon dioxide) and ITO (Indium tin oxide)) manufactur-
ing plants®). Of these, 87 were occupationally exposed
to nanomaterials (26 exposed to nano-TiO,, 31 exposed
to nano-SiO; and 30 exposed to ITO) and 43 participated
in the study as control group and had no occupational
exposure to nanomaterials. In this study, 8-OHdG in urine
and white blood cells and 8-isoprostane in EBC of par-
ticipants were evaluated as biomarkers of oxidative stress.
The results showed that, overall, the level of 8-OHdG in
the urine and white blood cells of exposed personnel was
significantly higher than that of non-exposed personnel.
Also, the level of this biomarker in the urine of exposed
workers in each exposure group (TiO,, SiO; and ITO)
was significantly higher than the control group; whereas
the level of this biomarker in white blood cells was
significantly higher only in workers exposed to ITO than
the control group. Overall, the level of 8-isoprostane in
EBC of exposed workers was significantly higher than
non-exposed employees. Also, the level of this biomarker
in EBC samples of exposed personnel in each exposure
group (TiO», SiO; and ITO) was significantly higher than
the control group. The sixth study was conducted in China
among 168 employees of a TiO, manufacturing plant®?.
Of the participants, 83 were occupationally exposure to
nanomaterials and 85 were non-exposed. Blood samples
were taken from all participants and different biomark-
ers (different cardiovascular, inflammation and oxidative
stress biomarkers) in their blood were examined. The
results showed that oxidative stress biomarkers (MDA
and SOD) were significantly correlated with exposure to
nanoparticles.

J GHAFARI et al.

Occupational exposure to different nanomaterials
simultaneously

When studying the effects of exposure to nanomateri-
als, it is difficult to prove that the observed effects are due
to the size and unique properties of nanomaterials or are
merely the effects of a chemical. Investigating the effects
of exposure to a specific nanomaterial in different sizes or
exposure to different nanomaterials simultaneously can
provide information in this regard®®. The first study was
conducted among 364 employees of 14 different nanoma-
terials manufacturing plants in Taiwan**. Two hundred
twenty seven participants had occupational exposure to
nanomaterials and 137 were non-exposed to nanomateri-
als. Urine, blood, and EBC samples were taken from
participants, and oxidative stress biomarkers (8-OHdG
in blood and urine and and Isoprostane in EBC) were
evaluated; the antioxidant enzymes examined in this study
included MPO, SOD and GPx. The results showed that
there was no significant difference between the levels of
oxidative stress biomarkers in the exposed and unexposed
groups. On the other hand, SOD levels in exposed indi-
viduals (both at risk level 1 and risk level 2) were signifi-
cantly lower than those in the control group. GPx levels
were also lower in exposed subjects (risk level 1 only)
than in controls. The second study was conducted among
20 TIG (Tungsten Inert Gas) welding trainees®. The
welders were exposed to welding fumes for 60 min. Urine,
blood and EBC samples were taken from the participants
before welding, immediately after welding, 1 h after weld-
ing, and 3 h after welding. In this study, H,O,, MDA and
8-OHdG biomarkers were investigated. The results of this
study showed that the percentage of studied biomarkers
increased significantly three hours after exposure. In the
third study, 38 nanocomposite researchers were investi-
gated36). Nineteen of them had occupational exposure to
nanomaterials and 19 of them had no exposure. In this
study, all participants were sampled for EBC; exposed
individuals were sampled once before and once after work
and MDA, HNE, HHE, 8-isoprostane, 8-OHdG, 8-OHG,
5-OHMeU, o-Tyr, 3- Cl-Tyr and NO-Tyr biomarkers were
evaluated in their EBC samples. The results showed that
the levels of biomarkers of oxidation of nucleic acids (8-
OHG, 8-OHdG, and 5-OHMeU), protein oxidation (o-
Tyr, 3-ClTyr, and 3-NOTyr) and lipid oxidation (MDA and
aldehydes C6—C13) In the EBC of exposed group, before
work, is higher than the control group. After exposure, the
levels of lipid oxidation biomarkers (MDA, HHE, HNE,
aldehydes C6—C13, and 8-isoprostane) were higher in
the exposed staff than in the control group. Finally, there

Industrial Health 2020, 58, 492-502
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was a significant relationship between the level of EBC
biomarkers and work with nanocomposites.

Exposure assessment

Various methods have been proposed and used so far
to assess exposure to nanomaterials. There is currently no
standard method with consensus for this purpose. Each
of the proposed methods has its own advantages and
disadvantages. The methods used in the 11 studies can be
divided into two groups:

Qualitative methods

In two of the 11 studies, the NanoTool Control Band-
ing Method was used to assess occupational exposure
to nanomaterials®' *¥). This method is one of the most
popular CB-based (control banding) methods used to as-
sess the risk of activities involved with nanomaterials®”.
The NanoTool method uses a combination of information
about nanomaterials and exposure scenarios to assess the
risk level of activities involving nanomaterials'" *®. The
reason for using this method was the limitations of using
traditional occupational health’s quantitative methods to
assess exposure to nanomaterials; limitations such as lack
of equipment and methods for sampling and analyzing
nanomaterials, lack of equipment and methods for per-
sonal sampling, and lack of consensus about the metrics
for assessing exposure to nanomaterials>®.

Quantitative methods

So far, three metrics have been proposed for quantita-
tive assessment of exposure to nanomaterials; including
mass concentration, number concentration, and surface
area concentration®”). Various real-time measurment
equipment and sampling methods is available for each of
these metrics*”. In the two studies investigating exposure
to carbon nanomaterial, a combination of filter-based
sampling methods, real-time measurement devices such as
SMPS (scanning mobility particle sizer), DMA (differential
mobility analyzer), CPC (condensation particle counter)
and LPI (low-pressure impactor) and SEM (Scanning
electron microscopy) and TEM (transmission electron
microscopy) microscopes were used to assess exposure
to carbon nanomaterials. Finally, the mass concentration
of elemental carbon and the number concentration of
particles were reported” >¥. In the other four studies, con-
ducted by Pelclova e al.?’>%, only real-time equipment,
such as SMPS, APS (aerodynamic particle sizer), portable
particle number concentration monitor (P-TRAK) and por-
table monitor of particle mass concentrations (DustTRAK
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DRX) was used for exposure assessment. Finally, the mass
concentration and the number concentration of nanopar-
ticles were reported. In another study, they used an impac-
tor to investigate mass concentration; they monitored
the number concentration using a particle counter and
the surface area concentration with a monitor. They also
investigated the morphology of the particles using SEM>?.
In another study, real-time equipment such as SMPS, APS,
UCPC (ultrafine condensation particle counter) and OPS
(optical particle sizer) were used to investigate number
concentration and particle size distributions; Impactor was
used for mass concentration and SEM and X-ray spectros-
copy were used to study particle shape and composition,
respectively’®. The study of Graczyk et al. also used a
combination of impactor, filter-based sampling, particle
counters, and TEM to investigate number concentration,
mass concentration, morphology, and particle composi-
tion,
Biomarkers

The biomarkers investigagted in the studies can be clas-
sified into four groups: lipid oxidation, nucleic acid oxida-
tion, protein oxidation and antioxidant enzymes. Lipid oxi-
dation biomarkers include MDA, HHE, n-Hexanal, H,O»,
HNE, aldehydes C6—C13, and 8-isoprostane. The nucleic
acid oxidation biomarkers included 8-OHG, 8-OHdG and
5-OHMeU; protein oxidation was investigated with o-
Tyr, 3-ClTyr, and 3-NOTyr biomarkers and the antioxidant
enzymes were MPO, SOD and GPx.

Controlled variables

Many variables have been controlled in the studies re-
viewed. Some studies have used self-report questionnaires
for this purpose, some used interviews and others used
examinations. The most important controlled variables in
these studies were age, gender, race, health status, BMI
(Body mass index), smoking status, alcohol consumption,
and physical activity.

Type of nanomaterials

Nanomaterials can be classified into three groups in
terms of origin: natural, incidental, and engineered. Natu-
ral nanomaterials are created by natural processes such
as volcanoes; incidental nanomaterials are produced by
various industrial processes and tasks, and are by product,
such as welding fumes, but engineered nanomaterials are
produced deliberately and for specific uses and are the
main product*). In this study, occupational exposure to
incidental and engineered nanomaterials is investigated.
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Of the 11 studies, 3 have examined occupational exposure
to incidental nanomaterials and the other has considered
occupational exposure to engineered nanomaterials.

Discussion

Biological monitoring is one of the most important
components of occupational and environmental health
survillance; especially when sufficient information on
occupational and environmental exposure is not avail-
able. Oxidative stress is one of the most important effects
caused by exposure to various environmental and oc-
cupational factors and has received a lot of attention by
researchers. Biological monitoring of oxidative stress is
usually performed by examining biomarkers of oxidative
stress in biological fluids of the body*?. Although there
are currently no specific biomarkers for assessing oxida-
tive stress induced by exposure to nanomaterials, some re-
searchers have found that known biomarkers of oxidative
stress may be appropriate for monitoring workers exposed
to nanomaterials; because of the shortage of information
about human exposure to nanomaterials, sensitivity of bio-
markers are now more important than their speciﬁcity43). It
may be argued that the most important part of the studies
reviewed was the methods, equipment, and metrics used to
assess occupational exposure to nanomaterials. Many re-
searchers now prefer qualitative risk assessment to assess
occupational exposure to nanomaterials; because quantita-
tive information about nanomaterial characteristics and
exposure scenarios in nanomaterials’ work environments
are low, unreliable and in some cases absent*®. On the
other hand, there is still no consensus among researchers
about the quantitative methods and equipment for assess-
ing occupational exposure to nanomaterials, and a wide
range of filter-based sampling equipment, real-time equip-
ment and microscopic techniques are employed. There is
also no agreement among the researchers on the metric
used to assess exposure. However, many researchers have
found surface area concentration to be appropriate for as-
sessing exposure to nanomaterials in toxicological studies,
and consider it better than mass and number concentra-
tions*>. Among the studies, there was only one study
that measured and reported surface area concentration, in
addition to mass and number concentrations>>. Personal
protective equipment used by employees during work and
the engineering and administrative controls used to reduce
exposure are also effective in assessing exposure to nano-
materials and have received less attention in the studies.
NIOSH (National Institute for Occupational Safety and
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Health) and some other national and international agen-
cies have recommended OELs (occupational exposure
limit) for some kindes of nanomaterials such as carbon
nanotubes and Titanium dioxide®> *). The results of the
reviewed articles show that in many cases, exposure to
amounts below these occupational exposure levels also
increased the level of oxidative stress biomarkers. Two
conclusions can be drawn from this: 1) The recommended
OELs are not effective enough; so additional/alternative
exposure metrics such as inhalable and respirable and
total nanostructures, and health outcomes, such as cancer,
cardiovascular diseases, respiratory diseases, or outcomes
related to oxidative stress and, inflammation, should be
considered when establishing an OEL for nanomaterials.
NIOSH acknowledged that alternative exposure metrics
may be useful for the development of OEL nanomaterials
exposure*”). 2) The biomarkers examined do not have the
necessary sensitivity and specificity; so it is better to look
for better and more sensetive and specific biomarkers to
assess occupational exposure to nanomaterials. Due to the
shortage of research, this will be possible by increasing the
number of articles in this field. In terms of the number and
diversity of biomarkers, some studies have examined a
few biomarkers of oxidative stress, some have investigated
a large number of oxidative stress biomarkers, and others,
have investigate biomarkers such as Cancer, Inflammation,
Cardiovascular and ..., in addition to biomarkers of oxida-
tive stress. Researchers recommend that when there is no
specific biomarker (for example for nanomaterials), it is
best to look for several biomarkers—a biomarker profile—
to be able to simultaneously examine exposure and its
effects on different parts of the body*?. On the other hand,
some studies have investigated biomarkers only in one
biological fluid, and others have investigated biomarkers
in several biological fluids. For example, biomarkers in
EBC will indicate lung status and will not show whole
body condition®”. Given that the lung is the main organ
for occupational exposure to nanomaterials*®, evalution
of EBC biomarkers may be useful; but since they do not
represent the whole body condition, biomarkers found in
other biological fluids in the body should also be exam-
ined. Given what has been said, it seems that simultaneous
study of a wide range of biomarkers in a variety of body
fluids will provide more useful results. But which types
of biomarkers (lipid oxidation, nucleic acid oxidation,
protein oxidation and antioxidant enzymes), and in which
biological fluid or tissue should be examined and their
relationship should be considered, will be determined by
increasing the number of studies in this area. Because we
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are currently facing a shortage of studies in this area. On
the other hand, various research methods in existing stud-
ies have made it difficult to draw conclusions and identify
appropriate biomarkers to investigate occupational expo-
sure to nanomaterials.

Conclusion

Since all the studies reviewed are cross-sectional, the
observed effects cannot be fully confirmed and general-
ized; as a result, these studies only help to identify some
intermediate effects. In order to obtain better and more
reliable results, long-term and controlled studies need to
be designed and implemented, and exposure and effect
biomarkers regularly measured and investigated. The stud-
ies should be long-term, because nanomaterials may show
their effects after years of exposure and accumulation in
the body*. They need to be controlled, because oxida-
tive stress can be affected by various occupational and
environmental factors. On the other hand, we should not
consider the studies that are conducted every few years
and continuously in a specific work environment as “well-
designed long-term studies”, they are just “continuous
cross-sectional studies™). The design of long-term studies
should take into account all necessary considerations; In-
cluding workers’ charecteristics, invironmental properties,
workplace properties, work conditions, nanomaterials,
methods, equipment and metrics used in exposure assess-
ment, sample collection and analysis, interpretation of
results and all that can affect the results of the study.
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Appendix 1.

Nanomaterial: Nanostructure; Nanostructured Materials; Material, Nanostructured; Materials, Nanostructured; Nano-
structured Material; Nanomaterials; Nanomaterial; nanoscale material; nanoscale structure; nanostructures

Nanoparticle: Nanoparticle; Nanocrystalline Materials; Material, Nanocrystalline; Materials, Nanocrystalline; Nano-
crystalline Material; Nanocrystals; Nanocrystal; millimicrosphere; nano-particle; nano-scale particle; nanoparticles;
nanoscale particle

Occupational exposure: Exposure, Occupational; Exposures, Occupational; Occupational Exposures

Oxidative stress: Oxidative Stresses; Stresses, Oxidative; Stress, Oxidative; oxidant stress; oxidant stresses

PubMed:

((“Oxidative stress”[tiab] OR “Oxidative Stresses”[tiab] OR “oxidant stresses”[tiab] OR (Stresses[tiab] AND
Oxidative[tiab]) OR (Stress[tiab] AND Oxidative[tiab]) OR “oxidant stress”[tiab]) AND (“Occupational exposure’’[tiab]
OR (Exposure[tiab] AND Occupational[tiab]) OR (Exposures[tiab] AND Occupational[tiab]) OR “Occupational
Exposures™[tiab]) AND (Nanomaterial[tiab] OR “Nanomaterials”’[tiab] OR Nanoparticle[tiab] OR “nanoparticles™[tiab]
OR “nano-particle”[tiab] OR nanoobject[tiab] OR “nanoobjects”[tiab] OR “nano object”[tiab] OR “nano-object’[tiab]
OR Nanostructure[tiab] OR “Nanostructures”[tiab] OR “Nanostructured Materials”’[tiab] OR (Material[tiab] AND
Nanostructured[tiab]) OR (Materials[tiab] AND Nanostructured[tiab]) OR “Nanostructured Material”’[tiab] OR “na-
noscale material”’[tiab] OR “nanoscale structure”[tiab] OR “nano-scale particle”[tiab] OR “nanoscale particle”[tiab]
OR nanofiber[tiab] OR “nanofibers”[tiab] OR nanocomposite[tiab] OR “nanocomposites”[tiab] OR nanoplate[tiab] OR
“nanoplates”[tiab] OR nanorod[tiab] OR “nanorods”[tiab] OR nanotube[tiab] OR “nanotubes”[tiab] OR nanowire[tiab]
OR “nanowires”[tiab] OR graphene[tiab] OR “graphenes™[tiab] OR fullerene[tiab] OR “fullerenes™[tiab] OR “CNF”’[tiab]
OR “CNT”[tiab] OR “SWCNT”[tiab] OR “MWCNT”[tiab] OR “DWCNT”[tiab]))

Scopus:

((TITLE-ABS-KEY (Oxidative stress) OR TITLE-ABS-KEY (Oxidative Stresses) OR TITLE-ABS-KEY (oxidant
stresses) OR TITLE-ABS-KEY (oxidant stress)) AND (TITLE-ABS-KEY (Occupational exposure) OR TITLE-ABS-
KEY (Occupational Exposures)) AND (TITLE-ABS-KEY (Nanomaterial) OR TITLE-ABS-KEY (Nanomaterials) OR
TITLE-ABS-KEY (Nanoparticle) OR TITLE-ABS-KEY (Nanoparticles) OR TITLE-ABS-KEY (nano-particle) OR
TITLE-ABS-KEY (nano-scale particle) OR TITLE-ABS-KEY (nanoscale particle) OR TITLE-ABS-KEY (Nanostructure)
OR TITLE-ABS-KEY (nanostructures) OR TITLE-ABS-KEY (nanoobject) OR TITLE-ABS-KEY (nanoobjects) OR
TITLE-ABS-KEY (nano object) OR TITLE-ABS-KEY (nano-object) OR TITLE-ABS-KEY (Nanostructured Materials)
OR TITLE-ABS-KEY (Nanostructured Material) OR TITLE-ABS-KEY (nanoscale material) OR TITLE-ABS-KEY
(nanoscale structure) OR TITLE-ABS-KEY (nanofiber) OR TITLE-ABS-KEY (nanocomposite) OR TITLE-ABS-KEY
(nanoplate) OR TITLE-ABS-KEY (nanorod) OR TITLE-ABS-KEY (nanotube) OR TITLE-ABS-KEY (nanowire) OR
TITLE-ABS-KEY (graphene) OR TITLE-ABS-KEY (fullerene) OR TITLE-ABS-KEY (CNF) OR TITLE-ABS-KEY
(CNT) OR TITLE-ABS-KEY (SWCNT) OR TITLE-ABS-KEY (MWCNT) OR TITLE-ABS-KEY (DWCNT)))

Web Of Science:

TI= ((“Oxidative stress” OR “Oxidative Stresses” OR “oxidant stresses” OR “oxidant stress”) AND (“Occupational
exposure” OR “Occupational Exposures””) AND (Nanomaterial OR “Nanomaterials” OR Nanoparticle OR “Nanoparticles”
OR “nano-particle” OR “nano-scale particle” OR “nanoscale particle” OR Nanostructure OR “Nanostructures” OR
nanoobject OR “nanoobjects” OR “nano object” OR “nano-object” OR “Nanostructured Materials” OR “Nanostructured
Material” OR “nanoscale material” OR “nanoscale structure” OR nanostructures OR nanofiber OR nanocomposite OR
nanoplate OR nanorod OR nanotube OR nanowire OR graphene OR fullerene OR “CNF” OR “CNT” OR “SWCNT” OR
“MWCNT” OR “DWCNT”))
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