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Abstract Currently, nanoparticles are widely present in
the environment and are being used in various industrial
technologies. Nanoparticles affect immune functions,
causing different immune responses. The aim of the
current study was to evaluate several cytokines, inter-
leukin (IL)-1b, IL-6, IL-8, tumour necrosis factor-a
(TNF-α), interferon-γ, adhesive molecule sICAM-1,
macrophage inhibitory protein 1a (MIP1a) and secretory
immunoglobulin A, in nasal lavage fluid and in the
peripheral blood of healthy subjects exposed to work-
place nanoparticles. Thirty-six employees from three
different environments were examined: 12 from a met-
alworking company, 12 from a woodworking company
and 12 office workers. The nanoparticles in the different
workplaces were detected in the air in the immediate
vicinity of the employees. The particle number concen-
tration and surface area values were significantly higher
in the workplaces of the metal- and woodworking in-
dustries, but concentrations of mass were lower (the
measurements were performed by an electrical low-
pressure impactor ELPI+). Energy dispersive X-ray
spectroscopy (EDS, an attachment to a high-resolution

SEM) was used to provide elemental analysis or chem-
ical characterization of the dust particles in a low-
vacuum field-free mode operating at a potential of
15 kV spot 3.0. The technique used provided quantita-
tive and spatial analyses of the distribution of elements
through mapping (two to three parallel measurements)
and point analysis (four to five parallel measurements).
Samples from the metal industry contained more ultra-
microscopic and nanometric particles, e.g. toxic metals
such as Zn, Mn and Cr, and fewer microscopic dust
particles. The nasal lavage and peripheral blood were
taken at the beginning and the end of the working week,
when immune indices were measured. Our data showed
a statistically significant increased level of the pro-
inflammatory cytokine TNF-α in serum in both exposed
groups compared with office workers as well as a higher
level of TNF-α in workers from the woodworking com-
pany compared with the metalworking employees. We
found an elevated level of IL-6 in the exposed groups as
well as an elevated level of IL-8 in the nasal lavage in
woodworking employees after work.

Keywords Wood andmetal nanoparticles . Immune
system . Cytokines . Adhesivemolecule . Nasal lavage .

Environmental . Health and safety effects

Introduction

Currently, people are affected by different types of
nanoparticles everywhere, mostly via exposure caused
by human activity. Nanoparticles are defined as primary
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particles with at least one dimension < 100 nm (Warheit
2004). Nanoparticles have useful actions (for example,
in medicine and cosmetology) but are also harmful for
biological systems. The workplace is usually a major
source of nanoparticles that influence different biologi-
cal systems of the body and, as a result, may cause a
disease. The pathogenetic mechanisms of its action are
still unclear despite the large number of investigations
throughout the world. The nanoparticles in the work-
place can penetrate to the tissues with different ways, for
example, through the skin, via the digestive tract or
through the nasal olfactory epithelium, causing damage
to the central nervous system (Larese et al. 2009; Borm
et al. 2006). Nasal mucosa is the first part of the respi-
ratory system to be exposed to different airborne envi-
ronment pollutants found in the workplace (Horvath
et al. 2011). Mucosa phagocytic cells, as a part of innate
immunity, represent the first line of protection from
nanoparticles (Boraschi et al. 2012; Karavitis and
Kovacs 2011; Boraschi and Duschl 2014; Song et al.
2014). Innate and adaptive immune systems participate
in this protection.

Nanoparticle action is influenced by a number of
parameters, including particle type, airborne concentra-
tion, size distribution, water solubility, chemical reactiv-
ity, frequency and duration of exposure, interactions
with other chemicals and the individual’s immunologi-
cal condition (Winder 2004; Petrarca et al. 2015;
Koponen et al. 2011; Saptarshi et al. 2013; Gamucci
et al. 2014). A large surface area of inhaled nanoparticles
is sufficient to initiate inflammation (Borm et al. 2006;
Bakand et al. 2012). Nanoparticles can cross cell mem-
branes and enter into tissue cells (Peters et al. 2004). The
small size of nanomaterials may also induce a direct
cause of cellular injury due to particle-cell interactions.
Biological effects of nanoparticles are different, such as
the formation of reactive oxygen species (ROS) gener-
ation, oxidative stress, mitochondrial perturbation,
inflammation, uptake through reticulo-endothelial
system, protein denaturation, phagocytosis impairment,
endothelial dysfunction, generation of neoantigens, al-
tered cell cycle regulation and DNA damage (Nel et al.
2006; Karlsson et al. 2008; Jang et al. 2010). Nanopar-
ticles at cytotoxic doses can cause necrosis or apoptosis
of the immune cells, but at non-cytotoxic doses, they
provoke pro-inflammatory effect by the activation of the
certain inflammatory cytokines (Petrarca et al. 2015).

The goal of the current work was to evaluate and
compare the influence of different nanoparticles

(encountered in woodworking, metal processing and of-
fice environments) on the immune system, both local (in
the mucosa) and systemic (in the peripheral blood), with
the suggestion that the effect of the workplace nanopar-
ticles can cause inflammatory reactions in the body and
could cause a predisposition for the development of
possible inflammation-associated diseases in the future.

Materials and methods

Study design

The current study was designed to evaluate several
immunological tests in the blood serum and nasal lavage
of office, wood and metal processing workers before
work onMonday at the beginning of the week and at the
end of the working week on Thursday afternoon. The
nanoparticles in the different workplaces were detected
in the air in the immediate vicinity of the employees.
The results were compared among all examined groups.
The main task of the study was evaluating the occupa-
tional exposure of nanoparticles with respect to increas-
ing the concentration of pro-inflammatory cytokines
among healthy subjects from different occupational
environments.

Ethics

The study was approved by the ethics committee of Riga
Stradins University. All study participants received clear
verbal and written descriptions of the aims and the
course of the procedure and signed an agreement to
participate in the current study.

Sample characteristics

Thirty-six employees (in the age range of 26 to 70 years)
were included in the current study, which occurred in
January–February 2015. Twelve persons were from a
metalworking company, 12 from a woodworking com-
pany and 12 were office workers (the control group).
The selection of these groups was made because wood
and metal are common industries in Latvia. A total of
42% of the metalworkers smoked, 25% of the wood-
workers smoked and 17% of the office workers smoked.
Regarding gender, 58% of the workers in the metal-
working group were women, compared to 42% in
woodworking and 33% in the office group. Health
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conditions were evaluated by a certified physician and
otolaryngologist. Only 8% of the employees had high
blood pressure in the metalworking and office group,
while in the woodworking group, this was the case for
50% of employees. The metalworkers and office em-
ployees did not have any upper airways diseases, but 8%
of woodworking employees had chronic bronchitis. A
total of 17% of metal and woodworking employees had
allergic anamnesis, as opposed to 42% of the office
workers. In the current examination, none of the selected
subjects had acute symptoms of upper respiratory tract
infections. No subjects were taking anti-inflammatory
medications.

The nasal lavage and peripheral blood, in which
immune indices were measured, were collected at the
beginning and at the end of the working week—a dif-
ference of 4 days. Nasal lavage samples were collected
on Monday in the morning and Thursday in the after-
noon. Nasal lavage samples were taken by 10 mL saline
injected manually with a 20-mL syringe into the nasal
cavity through one nostril and collected from the second
nostril. The same procedure was used to collect nasal
lavage of the other part of the nasal cavity. Nasal lavage
samples from both nostrils/both parts of the nasal cavity
were collected in sterile containers. Nasal lavage sam-
ples immediately were transported to the laboratory,
stored in the cold and analysed. Blood samples were
obtained from the cubital vein in 5-mL sterile
vacutainers coated with EDTA (ethylenediaminetetra-
acetic acid) for the cytokine detection and without
EDTA for the immunoglobulin detection. Vacutainers
were labelled and immediately transported to the labo-
ratory within 2 h.

Equipment and procedure

The immunological measurements were made by
enzyme-limited immunosorbent assay (ELISA) proce-
dures in blood serum and nasal lavage using standard
kits: for the measurement of tumour necrosis factor-a
(TNF-α), interleukin (IL)-1β, interferon-γ (IFN-γ), IL-
8, sICAM and MIP-1α—from Invitrogen Corporation
(USA); IL-6—by Millipore (USA); C—Biorbyt (UK)
and secretory IgA—Demeditec Diagnostics GmbH
(Germany). All cytokines and adhesive molecules were
measured by commercially available ELISA kits ac-
cording to the instructions of the manufacturer. All
samples were tested in duplicate, and the mean of the
two readings was taken.

In our study, the investigated levels of IL-8 in the
nose lavage had the limitations of the methods used;
some of the results we obtainedwere just above the level
of 25 mg/L without a clearly shown exact number;
therefore, we decided to estimate the data using Bbelow
and above^ relative to a certain limit.

The nanoparticles in the nanoscale range < 100 nm
are described across the three different environments: in
the office and in the welding (metalworking) and wood-
working industries. The specific personal sampling
equipment for total dust concentration analyses was used
for the measurement (Millipore nitrocellulose membrane
filters 0.025 μm VSWP; personal sampling pumps:
Gilian 3500). The concentrations of the dust particles
(including nanoparticles) were detected by an electrical
low-pressure impactor (ELPI+, Dekati Ltd., Finland),
where the 14-stage cascade impactor distributed the
number of particles and surface area concentrations by
particle size. Particle distribution was detected in 14
stages with the following cut-off points (geometric mean
diameter (aerodynamic) μm): 1st cut-off point—0.01,
2nd—0.02, 3rd—0.04, 4th—0.07, 5th—0.09, 6th—
0.16, 7th—0.32, 8th—0.49, 9th—0.79, 10th—1.23,
11th—1.96, 12th—3.09, 13th—5.17 and 14th—8.15.

The surroundings of all three workplaces were sim-
ilar; they were located in a city but away from the main
streets and major roads. All workplaces were equipped
with ventilation systems and, in the cases of the metal
and wood industries, also with local exhaust ventilation.
Real-time measurement data from one working shift
(8 h including breaks) were collected by the electrical
low-pressure impactor (ELPI+, Dekati Ltd., Finland).
Measurements were performed approximately 1.5 m
from the floor and as close to the worker as technically
possible (1–2 m from the operator, as the ELPI+ mea-
suring device has limited closer access to the breathing
zone of the operator because the instrument is not
intended for personal sampling). During measurements,
all workers performed their main daily tasks: for office
workers, working at the computer (90% of an 8 h shift)
and communicating with clients and colleagues (10% of
an 8 h shift); for welders, welding (80% of an 8 h shift),
grinding material for welding (5% of an 8 h shift) and
preparing raw material for welding or removing pro-
duced material from the welding table (15% of an 8 h
shift); and for woodworkers, polishing materials (80%
of an 8 h shift). Therefore, particle sampling data in-
cludes typical occupational exposure caused by welding
and polishing processes.
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The data were saved every second. All measurements
and calculations of particles were done according to
international standards and methods (LVS EN ISO
10882-1:2002 and NIOSH MAM Method 0500). The
measurements for workplace particles across the three
different environments described above were also
analysed by SEM (NovaNanoSEM 650). Energy disper-
sive X-ray spectroscopy (EDS, an attachment to a high-
resolution SEM) was used to provide the elemental anal-
ysis or chemical characterization of the dust particles in a
low-vacuum field-free mode operating at a potential of
15 kV spot 3.0. The technique provided quantitative and
spatial analyses of the distribution of chemical elements
through mapping (two to three parallel measurements)
and point analysis (four to five parallel measurements).
Samples were taken by ELPI+ on Al foils and were
analysed by SEM EDS in order to describe the chemical
content of particles of different stages. For visual com-
parison, particles were viewed with a Leica M420 ste-
reomicroscope (paired with a Leica DC camera).

All data was transported to Microsoft Excel and the
statistical programme IBM SPSS Statistics version 20
where the statistical analysis was conducted. The signif-
icance level was set at 0.05. Appropriate statistical
methods were employed according to the shape of the
data distribution. Taking into account the small number
of study participants, the distribution of the data was not
normal. So, for the comparison of groups to each other,
non-parametrical tests (e.g. the chi-square test and the
Mann-Whitney test) were used. For achieving a precise
work environment effect evaluation, data were weighted
by smoking status, alcohol consumption and health-
related information (data received from a questionnaire)
before analysis using an integrated weighting approach.

Results

The nanoparticles were measured in three work spaces
simultaneously with the collection of blood and nose
lavage samples from the employees.

The results of particle number and surface area con-
centrations showed the highest concentrations in the
metal industry (see Table 1).

The measurements for workplace particles across the
three different environments described above were also
analysed by SEM (NovaNanoSEM 650). It was con-
firmed that all of the main inorganic elements constitut-
ing the particles are present; for example, sodium,

calcium, silicon, iron, magnesium, manganese, zinc
and chromium as well as chlorine, potassium and sul-
phur were observed. Fractions from the metalworking
samples visually consisted commonly of dark brownish
glossy particles at all stages. Otherwise, the fractions
from the woodworking industry samples were greyish
below stage 9 and had different sizes of fibres up to level
9; this was confirmed later by SEM EDS (Fig. 1).

Samples taken by ELPI+ on Al foils were analysed
by SEM EDS in order to describe the chemical content
of particles at different stages (Fig. 1). The average
results and mean arithmetic deviations from two to three
parallel mappings and four to five parallel point results
are shown in Table 1. The particles at stage 2 to stage 8
were fixed on carbon PELCO tabs using Al foils, but
those at stage 9 to stage 15 were collected and fixed on
carbon tabs directly (without Al foils) due to their light-
weight characteristics and instability. Poorly fixed dust
particles were eliminated with compressed air.

Some differences were detected in particle chem-
ical compositions depending on the industry. Parti-
cles from the metalworking industry comprised
Fe > C > Si > Ca > Zn > Cr > Mn (in decreasing
order), while particles from the wood processing in-
dustry comprised C > Si > Ca > Fe > Mo > Na. The
predominant elements were carbon and oxygen, and
there were also traces of chlorine and sulphur that pos-
sibly originated from organic compounds or from inor-
ganic oxides, acids and salts (Pavlovska et al. 2016).

The main source of particle pollution in office envi-
ronments is the ventilation systems (ambient air), but
there are also printing/copying processes and the addi-
tional source of carpets on the floors. In the case ofmetal
processing, the main sources are welding and grinding
processes. In the case of wood processes, particles are
produced during polishing processes.

Particle distributions were collected by number
and mass concentrations in all three environments.
According to the mass concentration (mg/m3), the
highest concentrations were estimated in the follow-
ing cut-off points (descending order): in offices, from
12th–14th; in metal processing, 14th, 13th, 12th, 8th
and 7th; and in wood processing, from 12th–14th.
According to the particle number concentration (par-
ticles/cm3), the highest concentrations were estimat-
ed in following cut-off points: in offices, 2nd, 3rd and
4th; in metal- processing, 1st, 4th, 5th and 6th; and in
wood processing, 1st, 2nd, 3rd, 4th and 5th. The
results showed that fine and ultrafine (nanoparticle) size
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particles could directly influence workers’ health be-
cause particle number concentrations in these cut-off
points were very high (Fig. 2).

Simultaneously, with the measurements of nanopar-
ticles from the different workplaces, the immunological
tests were performed in the peripheral blood and nasal

lavage. Immunological data shows that, in office
workers, the concentration of IL-8 in blood serum was
significantly (p < 0.05) elevated at the beginning of the
work week and then decreased within 4 days during the
week (see Fig. 3). Secretory IgA in the nasal lavage
fluid, conversely, was higher at the end of the work, but

Table 1 The results of particle number and surface area concentrations

Industry/workplaces Parameter Concentration of
nanoscale particles
(range 6–100 nm)

Concentrations of
total particles
(6 nm–10 μm)

Count median
diameter of
particles (μm)

Office environment
(background level)

Number concentration, 1/cm3 10,835 11,707 0.039

Surface area concentration, μm2/cm3 83 513.6 0.641

Metal industry
(welding and grinding)

Number concentration, 1/cm3 216,153 272,370 0.054

Surface area concentration, μm2/cm3 3382 21,644.9 0.463

Woodworking industry
(grinding and polishing)

Number concentration, 1/cm3 80,120 80,510 0.012

Surface area concentration, μm2/cm3 88 666.2 2.042

Fig. 1 SEM images for dust samples from the wood industry at stages 8 (a) and 14 (b) and the metal industry at stages 8 (c) and 14 (d) in
field-free and immersion modes (due to the different sample natures). Bar 20 = μm
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not significantly. In the other examined immune param-
eters, office workers did not undergo any changes at the
beginning and at the end of the working week.

The level of IL-8 in the nose lavage was analysed
depending on if the percent was below or above 25 mg/
L (due the test system limitation). For the evaluation of
the inflammatory reactions in the nasal mucosa, it is
important that an elevated level was observed only for

IL-8; therefore, we estimated the data to be above
25 mg/L.

In office workers, IL-8 was elevated at the begin-
ning of the work week and then decreased at the end
of the week. In metalworking employees (welders),
the concentration of IL-8 was lower than in office
workers, but higher than in woodworkers on Monday
and at the end of the work much lower than in office
workers. In woodworking employees, the concentra-
tion of IL-8 in the nose lavage was decreased at the
beginning of the work week, but increased at the end
of the working week (see Fig. 4).

Secretory IgA levels and IL-6 concentrations among
metalworking employees after work at the end of the
week in the nasal lavage were elevated, but not signif-
icantly (p > 0.05).

Our data showed a statistically feasibly increased
level of pro-inflammatory cytokine TNF-α in the blood
serum of the woodworking employees after work
(p > 0.05) (see Fig. 5). Interferon-γ and secretory im-
munoglobulin A (sIgA) level was elevated in the nasal
lavage fluid at end of the work week, but not to a
significant degree.

Comparing all the immune parameters among the
investigated employees, it was found that IL-8 in
serum was statistically higher at the beginning of
the working week among office workers than among
metalworking employees. However, at the end of the
working week, the results became similar. In wood-
working employees’ nasal lavage, the level of IL-8 at
the end of the working week increased.

Fig. 2 Elemental analysis of
particles in metal industry air dust
at stage 6 (spherical silica
particles with different
dimensions, < 50, 50–130 and
130–370 nm; Fe2O3 and ZnO
nanoparticles < 30 nm; elemental
overlay (wt%): O—15; Zn—14;
Ca—8, Si, Cr and Fe—3 each;
Cu—2 and Co, Ni, Mg, Al, Mo
and Ag—1 each). Bar = 500 nm

Fig. 3 The serum level of interleukin-8 (IL-8) among the exam-
ined groups at the beginning and the end of the working week
(error bars indicate 95% confidence interval, asterisks—p < 0.05)
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Interleukin-6 and TNF-α, in contrast, did not differ
between the two groups, office workers and metal-
workers, before work at the beginning of the week. How-
ever, at the end of the working week, IL-6 and TNF-α

were significantly higher (p < 0.05) among metalworking
employees in blood serum as well as in nasal lavage fluid.

The concentration of adhesive molecule sICAM-1
and macrophage inhibitory protein 1a (MIP1a) as well
as interferon-γ (IFN-γ) did not differ significantly
among all investigated groups (both in the nose lavage
and in the serum).

Our data showed that the level of pro-inflammatory
cytokine TNF-α was statistically higher in the serum
and in the nasal lavage fluid (see Fig. 6) among workers
from the woodworking company compared to metal-
working employees. The conducted study showed the
woodworking employee group was more exposed to the
working dust particles in comparison with the other
investigated groups.

We also compared smokers and non-smokers in all
investigated groups (see Table 2). Statistically signifi-
cant differences were not observed between smokers
and non-smokers in most of the cytokine levels in all
study groups and on different days, except TNF-α in
the nose lavage in welders and wood processing
workers, as well as IgA in the serum in office workers
on the first day of the study and IL-8 in the nose lavage
in welders on the fourth day of the study. Additionally,
we examined the alcohol consumption, but we did not
observe significant differences between the groups de-
pending on this.

Fig. 4 The percentage of interleukin-8 (IL-8) concentration above
25 pg/mL in the nose lavage among examined groups at the
beginning and the end of the working week (asterisks indicate
p < 0.05)

Fig. 5 The level of serum TNF-α in the investigated groups
depending on the work day (error bars indicate 95% confidence
interval, asterisks—p < 0.05)

Fig. 6 The concentration of TNF-α in the nose lavage of the
investigated groups depending on the work day (error bars indicate
95% confidence interval, asterisks—p < 0.05)
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Discussion

The number of inflammatory diseases is increasing. The
reasons are different; people face various degrees of
exposure to nanoparticles, natural and engineered, and
to biological endotoxins. Statistically, in Latvia, the num-
ber of occupational diseases is increasing, maybe because
better diagnostics and consultations have become avail-
able in recent years. However, in Western European
countries, the number of these diseases has decreased.

Wood processing is one of main industrial branches
in Latvia. Furthermore, there is a chance (because of a
lack of appropriate ventilation systems, lack of workers’
safety behaviour, etc.) that nanoparticles and particles
less than 1 μm have been produced during wood
polishing and grinding processes. It is very important
to note what kind of exposure we describe to compare
the potential impact of particle exposure on workers’
health. For example, in the case of particle mass con-
centration, it is clear that exposure is very high in the
range of inhalable particles. However, in the case of
particle number concentration, it is very high in range
of respirable, fine or ultrafine particles (Pavlovska
et al. 2016). Currently, total dust, inhalable and re-
spirable dust mass concentrations are used to de-
scribe the whole impact to workers’ health, but there
are many discussions on particle number concentra-
tion as a better parameter for the characterization of
workers’ health effects. According to the results of
occupational environment measurements, workers
have been sent to occupational physicians to undergo
medical check-ups considering occupational risk fac-
tors (particle exposure). There is a possibility that in
acceptable total dust mass concentrations, there are
very high concentrations of fine and ultrafine parti-
cles which create adverse effects on workers’ health
(respiratory, cardio-vascular, etc.); immunological
analyses could be the first step of the evaluation of
these effects. We identify these three occupational
environments to characterize particle concentration
levels (also distribution) and to identify potential
health effects according to immunological parameter
results.

In general, nanoparticles, as well as other occupa-
tional or non-occupational particles, can cause simi-
lar immune responses through the activation of innate
or adaptive immunity. The upper respiratory tract is
the first assembly point on the way of these inhaled
particles. Of course, the coarse particles cause

stronger immune response than small ones. The fea-
sibility of differentiating the immune response to
coarse particles from the response to nanoparticles
is nearly impossible. Of course, organic and inorgan-
ic dust may influence the results differently, but it
was not our aim in this study to evaluate the chemical
composition of the particles. Most investigations
confirm that the permanent occupational influence
of inhaled nanoparticles can cause inflammatory up-
per airway diseases by promoting increased suscep-
tibility to infectious and allergic diseases (Hox et al.
2014; Kononenko et al. 2015; Zolnik et al. 2010).

One of the biomarkers of immune dysregulation lead-
ing to inflammatory processes is the level of pro-
inflammation cytokines (Kononenko et al. 2015;
Boraschi and Duschl 2014; Elsabahy and Wooley
2013). TNF-α, IL-1β and IL-6 are pro-inflammation
cytokines released by macrophages and dendritic cells.
In the current study, we focused our investigations on
how the work-related nanoparticles locally influence the
immune response in the nasal mucosa and systemically
in the peripheral blood serum. Several cytokines, as well
as adhesive molecules and sIgA, which participate in
innate and adaptive immune response, were detected in
the blood serum and in the nose lavage.

IL-1 and IL-6 are mainly produced by activated
macrophages, endothelial cells and various other cell
types (Boraschi et al. 2012; Boraschi and Duschl
2014). These cytokines mediate inflammation by in-
ducing the synthesis of cell adhesion molecules
(CAM) within the vascular endothelium. IL-1 binds
to receptors on leukocytes and endothelial cells,
which activates an inflammatory response. Adhesive
interactions between endothelium and circulating
cells are crucial for the development of inflammatory
reactions. Both IL-1β and IL-6 mediate inflammation
by binding to their respective receptors on endothe-
lial cells to induce the expression of leukocyte adhe-
sion molecules such as ICAM-1. ICAM-1 interacts
with counter receptors on the surface of leukocytes to
mediate the migration of leukocytes, and it is also
involved in the arrest of leukocytes on inflamed
endothelium (Lesniak et al. 2013; Winter et al.
2002; Celic et al. 2015). The macrophage inhibitory
protein 1a (MIP1a) takes part in the leukocyte che-
motaxis and correlates with IL-8 (Gamucci et al.
2014). Combined with the immune parameters, this
gives the possibility of evaluating the inflammatory
response to the work-related nanoparticles.
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The data that we reported in this study showed a
significantly increased level of TNF-α in the serum
and nose lavage in both exposed groups (in woodwork-
ing and metalworking employees). Similar data with
increased levels of the TNF-α and IL-6 was shown by
Sigsgaard et al. (2000) in experimental exposure to
organic dust. It is known that IL-8 is a chemokine
involved in the recruitment of immune competent cells
from the vascular area to the nasal mucosa, which
correlates with the adhesive molecule ICAM-1 (Winter
et al. 2002; Lozano-Fernandez et al. 2014; Dokic et al.
2011). Peters and co-authors observed the pro-
inflammatory effects in human endothelial cells after
exposure to cobalt, SiO2 and TiO2 nanoparticles,
through enhancing IL-8 cytokine production (Peters
et al. 2004). Sigsgaard et al. also found an increase in
IL-8 concentration in the nose lavage among exposed
workers that can point to the activation of macrophages
after engulfing occupational nanoparticle exposure
(Sigsgaard et al. 2000; Petrarca et al. 2015).

In our study, we also found a much higher level of IL-
8 in woodworking employees in the nasal lavage after
work. We suggest that there is a difference between the
concentrations and diameters of the measured metal and
wood nanoparticles (see Table 1), and this can affect the
local immune cells differently.

The macrophage inhibitory protein 1 (MIP1) is a
chemokine that regulates the activation and migration
of leucocytes to the inflammation site. MIP1 activity as
well as ICAMs usually correlate with that of IL-8. Leu-
kocytes after activation can transmigrate into tissue, bind-
ing to endothelial cells via ICAM-1 (Kuhn et al. 2014). In
the literature, ICAM-1 expression has not been detected
for unexposed normal epithelial cells (Lesniak et al.
2013). However, persons with airway infections, allergic
rhinitis or bronchial asthma have increased ICAM-1 in
blood and in nasal lavage fluid (Winter et al. 2002). An
increased level of ICAM could be a part of the inflam-
matory response in the nasal mucosa. The increased
expression of pro-inflammatory cytokines in the nasal
lavage (such as TNF-α and IL-1β) among healthy sub-
jects was found after exposure to ozone (Dokic et al.
2011). Pro-inflammation cytokines induce expression of
ICAM-1 and selectins, as well as the synthesis of the IL-8
causing their up-regulation (Dokic et al. 2011).

Despite our suggestions, we did not find the differ-
ences in the concentrations of the adhesive molecule
sICAM-1 and MIP1a among all investigated groups
(both in the nose lavage and in the serum). This may

be because of the small groups of the investigated em-
ployees or insufficient sensitivity of these parameters for
the evaluation of the inflammatory reactions.

Additionally, we analysed the role of confounding
factors, such as alcohol and cigarette smoke. We com-
pared smokers and non-smokers, as shown in Table 2. No
differences were found among all examined groups. We
provided a questionnaire for all workers about alcohol
consumption and we examined IL-8 depending on this
question, but the result was the same, without any signif-
icant differences. Perhaps, the answers werе nоt honest; it
is difficult to comment, but we do not have any sugges-
tion as to why we had such results. It may be we must
continue our work and examine more workers to reach
correct conclusions about IL-8. The health conditions of
the employеes were evaluated via a questionnaire. There
were questions not only about alcohol and cigarette
smoke but also about medications, including the kind of
medications (the name), dosage and regularity. We ex-
cluded persons who had been taking anti-inflammatory
medications.

Interferon-γ (IFN-γ) recruits the macrophages to the
presenting antigen site (Elsabahy and Wooley 2013).
Some information was found in the literature about the
investigation of IFN-γ in persons exposed to different
types of nanoparticles. For instance, Hanley et al. found
that ZnO nanoparticles increased the expression of
IFN-γ, IL-12 and TNF-α (Hanley et al. 2009). Petrarca
et al. (2006) determined that cobalt nanoparticles induced
enhanced IFN-γ and TNF-α, similar to auto-immune
and allergic contact dermatitis responses. However, in
our study, IFN-γ was not affected in the investigated
groups. Moreover, we did not find any changes in IL-
1β, IL-6, ICAM-1 or MIP1 concentrations during the
working week, despite our finding TNF-α and cytokine,
which also reflects inflammation. It was difficult to ex-
plain the lack of changes in production of several of the
aforementioned cytokines, excluding the significantly
elevated TNF-α. Of course, this could be due to the small
size of the group of workers that were investigated;
despite that, the tendency of certain differences is shown.
A few studies regarding the effects of wood or metal
nanoparticles on subjects in the workplace have been
reported (via PubMed).

The nasal mucosa also contains B cells, which pro-
vide adaptive immunity (Kirkeby et al. 2000. Activated
B cells produce sIgA, which works as the effector
mechanism of the mucosal immune system (Kirkeby
et al. 2000; Holmgren and Czerkinsky 2005). The
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nanoparticles, as airborne substances, are recognized by
immune cells as Binvaders^ with ensuing destruction
(Luo et al. 2015). Secretory immunoglobulin A is inde-
pendent of blood immunoglobulin A and defends the
mucosa (Kirkeby et al. 2000). This antibody plays a
critical role in mucosal immunity. We expected that
sIgA could be elevated after exposure to the working
nanoparticles in our study due to possible local inflam-
mation or irritation of mucosa, but we did not find any
significant changes.

Conclusions

The occupational exposure of healthy subjects to nano-
particles increases the concentration of pro-inflammatory
cytokines such as TNF-α. In our study, the most harmful
effect of the nanoparticles on the immune system as an
inflammation was found among the wood processing
workers (elevated levels of TNF-α in the serum and in
the nasal lavage, and a much higher concentration of IL-
8 in the nasal lavage at the end of the working week).

The results of SEM analysis show that dust particles
from the workplaces comprise all three size groups of
particles (microscopic, ultramicroscopic and nanometric
particles containing inorganic and organic dust) and that
particles from the metal industry samples contain more
dust of ultramicroscopic and nanometric size and less
dust of microscopic size (both inorganic and organic).
Samples from the woodworking industry containedmore
microscopic and organic dust. We suggest the effect of
the workplace nanoparticles can cause inflammatory re-
actions in organisms and could cause a predisposition for
the development of possible inflammation-associated
diseases in the future.

Limitations of the study

According to researchers’ experience during this
study, several limitations were highlighted for the
interpretation of the findings to whole worker cohorts
of the tested industries. Occupational data consisted
of only of three enterprises from the typical indus-
tries, and health-related data were also limited to the
number of healthy subjects (only 36). The appropri-
ate equipment for personal sampling of occupational
nanoparticle exposure is not still developed; there-
fore, air sampling was performed at the distance of
1.5 m from the breathing area.

Acknowledgements The study was conducted within the ESF
financed project BThe development of up-to-date diagnostic and
research methods for the risks caused by nanoparticles and ergo-
nomic factors at workplaces^, agreement no. 2013/0050/1DP/
1.1.1.2.0/13/APIA/VIAA/025.

Compliance with ethical standards The study was approved
by the ethics committee of Riga Stradins University. All study
participants received clear verbal and written descriptions of the
aims and the course of the procedure and signed an agreement to
participate in the current study.

Conflict of interest The authors declare that they have no con-
flict of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if
changes were made.

References

Bakand S, Hayes A, Dechsakulthorn F (2012) Nanoparticles: a
review of particle toxicology following inhalation exposure.
Inhal Toxicol 24(2):125–135. https://doi.org/10.3109
/08958378.2010.642021

Boraschi D, Duschl A (2014) Nanoparticles and the immune
system. Safety and Effects, Elsevier, Oxford, Waltham

Boraschi D, Costantino L, Italiani P (2012) Interaction of nano-
particles with immunocompetent cells: nanosafety consider-
ations. Nanomed 7(1):121–131

Borm P, Robbins J, Haubold D, Kuhlbusch S, Fissan T, Donaldson
H, Schins K, Stone V, KreylingW, Lademann J, Krutmann J,
Warheit D, Oberdorster E (2006) The potential risks of
nanomarerials: a review carried out for ECETOC. Part.
Fibre Toxicol 3:1–35

Celic H, Akpinar S, Karabulut H, Oktar P, Dursun B, Erguden H,
Gunay S, Sipit T (2015) Evaluation of IL-8 nasal lavage
levels and the effects of nasal involvement on disease severity
in patients with stable chronic obstructive pulmonary disease.
Inflammation 38(2):616–622. https://doi.org/10.1007
/s10753-014-9968-0

Dokic D, Trajkovska-Dokic E, Howarth HP (2011) Effects of
ozone on nasal mucosa (endothelial cells). Sec Biol Med
Sci XXXII/I:87–99

Elsabahy M, Wooley K (2013) Cytokines as biomarkers of nano-
particle immunotoxicity. Chem Soc Rev 42(12):5552–5576.
https://doi.org/10.1039/c3cs60064e

Gamucci O, Bertero A, Gagliardi M, Bardi G (2014) Biomedical
nanoparticles: overview of their surface immune-compatibil-
ity. Coatings 4:139–159. https://doi.org/10.3390
/coatings4010139

J Nanopart Res (2017) 19: 320 Page 11 of 12 320

https://doi.org/10.3109/08958378.2010.642021
https://doi.org/10.3109/08958378.2010.642021
https://doi.org/10.1007/s10753-014-9968-0
https://doi.org/10.1007/s10753-014-9968-0
https://doi.org/10.1039/c3cs60064e
https://doi.org/10.3390/coatings4010139
https://doi.org/10.3390/coatings4010139


Hanley C, Thurber A, Hanna C, Punnoose A, Zhang J, Wingett D
(2009) The influences of cell type and ZnO nanoparticle size
on immune cell cytotoxicity and cytokine induction.
Nanoscale Res Lett 4(12):1409–1420

Holmgren J, Czerkinsky C (2005) Mucosal immunity and vac-
cines. Nat Med 11(4):45–53

Horvath K, Herbst M, Zhou H, Zhang H, Noah T, Jaspers I (2011)
Nasal lavage natural killer cell function is suppressed in
smokers after live attenuated influenza virus. Resp Res 12:
3–13. https://doi.org/10.1186/1465-9921-12-102

Hox V, Steelant B, Fokkens W, Nemery B, Hellings P (2014)
Occupational upper airway disease: how work affects the
nose. Allergy 69:282–291

Jang J, Lim D, Choi I (2010) The impact of nanomaterials in
immune system. Immune Network 10(3). https://doi.
org/10.4110/in.2010.10.3.85

Karavitis J, Kovacs E (2011) Macrophage phagocytosis: effects of
environmental pollutants, alcohol, cigarette smoke, and other
external factors. J Leukoc Biol 90(6):1065–1078

Karlsson H, Cronholm P, Gustafsson J, Möller L (2008) Copper
oxide nanoparticles are highly toxic: a comparison between
metal oxide nanoparticles and carbon nanotubes. Chem Res
Toxicol 21:1726–1732

Kirkeby L, Rasmussen T, Reinholdt J, Kilian M (2000)
Immunoglobulins in nasal secretions of healthy humans:
structural integrity of secretory immunoglobulin A1 (IgA1)
and occurrence of neutralizing antibodies to IgA1 proteases
of nasal bacteria. Clin and Diagn Lab Im 7(1):31–39

Kononenko V, Narat M, Drobne D (2015) Nanoparticle interaction
with the immune system. Arh Hig Rada Toksikol 66:97–108.
https://doi.org/10.1515/aiht-2015-66-2582

Koponen I, Jensen K, Schneider T (2011) Comparison of dust
released from sanding conventional and nanoparticle-doped
wall and wood coatings. J Expo Sci Environ Epidemiol 21:
408–418

Kuhn D, Vanhecke D, Michen B, Blank F, Gehr P, Petri-Fink A,
Rothen-Rutishauser B (2014) Different endocytotic uptake
mechanisms for nanoparticles in epithelial cells and
macrofages. Beilstein J Nanotechnol 5:1625–1636.
https://doi.org/10.3762/bjnano.5.174

Larese F, D’Agostin F, Crosera M, Adami G, Renzi N, Bovenzi N,
Bovenzi M, Maina G (2009) Human skin penetration of
silver nanoparticles through intact and damaged skin.
Toxicology 255:33–37

Lesniak A, Salvati A, Santoz-Martinez M, Radomski M, Dawson
K, Aberg C (2013) Nanoparticle adhesion to the cell mem-
brane and its effect on nanoparticle uptake efficiency. J Am
Chem Soc 135(4):1438–1444

Lozano-Fernandez T, Ballester-Antxordoki L, Perez-Temprano N,
Rojas E, Sanz D, Iglesias-Gaspar M, Moya S, Gonzalez-
Fernandez A, Rey M (2014) Potential impact of metal oxide
nanoparticles on the immune system: the role of integrins, L-

selectin and the chemokine receptor CXCR4. Nanomedicine
10(6):1301–1310

Luo Y, Chang L, Lin P (2015) Metal-based nanoparticles and the
immune system: activation, inflammation, and potential appli-
cations. Bio med res Int. https://doi.org/10.1155/2015/143720

Nel A, Xia T, Mädler L, Li N (2006) Toxic potential of materials at
the nanolevel. Science 311:622–627

Pavlovska I, Martinsone Z, Vanadzins I, Martinsone I, Seile A,
Sudmalis P (2016) Occupational exposure parameters for
characterization of nanoparticulate matter toxicity: metal ver-
sus wood processing. Process Saf Environ Prot 102:230–237

Peters K, Unger R, Kirkpatrick C, Gatti A, Monari E (2004)
Effects of nano-scaled particles on endothelial cell function
in vitro: studies on viability, proliferation and inflammation. J
Mater Sci Mater Med 15:321–325

Petrarca C, Perrone A, Verna N, Verginelli F, Ponti J, Sabbioni E,
Di Giampaolo L, Dadorante V, Schiavone C, Boscolo P,
Mariani Costantini R, Di Gioacchino M (2006) Cobalt
nano-particles modulate cytokine in vitro release by human
mononuclear cells mimicking autoimmune disease. Int J
Immunopathol Pharmacol 19(Suppl):11–14

Petrarca C, Clemente E, Amato V, Pedata P, Sabbioni E,
Bemardini G, Iavicoli I, Cortese S, Niu O, Otsuku T,
Paganelli R, Giocchino M (2015) Emgineered metal based
nanoparticles and innate immunity. Clin Molec Allergy 13:
13. https://doi.org/10.1186/s12948-015-0020-1

Saptarshi S, Duschl A, Lopata A (2013) Interaction of nanoparticles
with proteins: relation to bio-reactivity of the nanoparticle.
J Nanobiotechnol 311:26. https://doi.org/10.1186/1477-3155-
11-26

Sigsgaard T, Bonefeld-Jorgensen E, Kjargaard S, Mamas S,
Pedersen O (2000) Cytokine release from the nasal mucosa
and whole blood after experimental exposures to organic
dusts. Eur Respir J 16:140–145

Song G, Petchauer J, Madden A, Zamboni W (2014)
Nanoparticles and the mononuclear phagocyte system: phar-
macokinetics and applications for inflammatory diseases.
Curr Rheumat Rev 10(1):22–34

Warheit D (2004) Nanoparticles health impacts. Mater Today 7:
32–35

Winder C (2004) Toxicology of gases, vapours and particulates.
In: Winder C, Stacey NH (eds) Occupational toxicology,
2nd edn. CRC Press, Boca Raton, p 399–424

Winter B, Arruda E, Witek TJ, Marlin SD, TsiancoMM, Innes DJ,
Hayden FG (2002) Expression of ICAM-1 in nasal epitheli-
um and levels of soluble ICAM-1 in nasal lavage fluid during
human experimental rhinovirus infection. Arch Otolaryngol
Head Neck Surg 128:131–136

Zolnik B, Gonzalez-Fernandez A, Sadrieh N, Dobrovolskaia M
(2010) Nanopar t ic les and the immune system.
Endocrinology 151(2):458–465. https://doi.org/10.1210
/en.2009-1082

320 Page 12 of 12 J Nanopart Res (2017) 19: 320

https://doi.org/10.1186/1465-9921-12-102
https://doi.org/10.4110/in.2010.10.3.85
https://doi.org/10.4110/in.2010.10.3.85
https://doi.org/10.1515/aiht-2015-66-2582
https://doi.org/10.3762/bjnano.5.174
https://doi.org/10.1155/2015/143720
https://doi.org/10.1186/s12948-015-0020-1
https://doi.org/
https://doi.org/
https://doi.org/10.1210/en.2009-1082
https://doi.org/10.1210/en.2009-1082

	The effect of different workplace nanoparticles on the immune systems of employees
	Abstract
	Introduction
	Materials and methods
	Study design
	Ethics
	Sample characteristics
	Equipment and procedure

	Results
	Discussion
	Conclusions
	Limitations of the study

	References


