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Abstract Airborne particulates present a potential hazard
to health in a variety of indoor workplaces, from offices to
the manufacturing floor. Dust and aerosols are two of the
most common occupational risk factors in the workplace
worldwide. It is very important to understand when it is
sufficient to describe dust exposure only by given mass
concentration that dust particles could be in the nanosized
range in the workplace air even for brief exposures, such as
welding aerosols. The main objective was to assess total
dust and nanoparticle concentrations in the selected workplaces and to evaluate their impact on workers’ health.
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This project describes nanoparticle concentrations
and their potential impact on workers’ health considering the exposure levels in three workplaces.
Industrial and non-industrial environments have
been included in the project. The office environment
was used as an indicator for the background level of
comparison with the metalworking and woodworking industries for measurements of dust particles
including the nanoscale particles (> 100 nm). Fraction size of the samples according to a dispersity of
> 10 μm, 0.25–10 μm, < 0.25 μm, and 1–100 nm
was analysed in order to describe the particles’
chemical composition at the different stages.
The worst working conditions (the smallest particles, 12 nm), the highest total dust concentrations,
and the lowest difference between total inhalable
particle and nanoparticle concentrations were detected among woodworkers. These findings provide a
basis on how to evaluate nanoparticle exposure and
its impact on workers’ health because the highest
immune cell counts and relatively high IL-6 expression were observed among woodworkers compared
with the other groups.
The data show a negative tendency of nanoparticle
exposure concentrations on workers’ health based on
the increase of inflammatory processes and damage to
airway epithelial cell functionality.
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Introduction

Methods

There are limited data about airborne particulates
in occupational environment as described by dust
particle size, number, surface area, chemical composition, and their impact on workers’ health, especially nanoparticle exposure (O’Shaughnessy
2013; Gao and Lowry 2018; Oomena et al. 2018).
According to previous environmental and occupational air pollution research, nanoparticle exposure negatively influences respiratory, vascular, immune, neural, and other systems. In vivo studies
concerning nanoparticles show their ability to be
deposed on organs such as the spleen, bones,
brain, and lymph nodes (Employers’ Confederation
of Latvia (LDDK) 2013; Renwick et al. 2001;
Takenaka et al. 2001, Nemmar et al. 2002;
Oberdörster et al. 2004, 2005; Gilmour et al.
2004; Barlow et al. 2005; Brown et al. 2007).
One of the major challenges in (occupational) exposure assessment in the regulatory framework is
how to differentiate between natural, incidentally
generated nanoscale particles, and manufactured
nanomaterials (Draslera et al. 2017).
There are also studies describing the influence
of wood dust on cancer development among wood
industry workers (Pesch et al. 2008 and Montserrat
et al. 2015). Of course, the main occupational
route of nanoparticles is inhalation of total dust/
aerosols; however, there is an incomplete description of industries, workplaces, and/or work processes with higher exposure to nanoparticles
(Montserrat et al. 2015). There is an assumption
that nanoparticles could be an important part of
total dust mass, number, and surface area concentration in workplaces involving wood and metal
industries during material grinding, polishing, and
metal welding processes (at construction sites as
well). The upper airways are the first stage where
nanoparticles can exert an influence on the human
body. Therefore, nasal smears are a good material
for the indicative check-up of nanoparticle influences on health status by assessing inflammatory
indicators (Glück et al. 2003) in the upper airways
(variety of immune cell types and counts) and at
the cellular level (epithelial cell and DNA functional damage).

Patient and public involvement
Approval was obtained from Ethics Committee of Riga
Stradiņš University according to workers’ biomaterial
data collection and for analysing for scientific purposes.
Regarding research protocol, information about project
main goals were distributed and individual agreement
from each worker was collected during the project.
Thirty-six employees in the age range of 26 to 70 years
were included in the current study. Twelve persons were
involved from each of the study groups, metalworking
and woodworking companies, and office workers as the
control group. These groups were selected because the
wood and metal industries are the most common industries in Latvia. In total, 42% of the metalworkers, 25% of
the woodworkers, and 17% of the office workers smoked.
In comparison, regarding gender, 58% of the workers in
the metalworking group were women, 42% in woodworking, and 33% in the office group. A certified physician and otolaryngologist evaluated their health condition. Only 8% of the metalworking and office group
employees had high blood pressure, while the woodworking group employees had the high blood pressure
in 50% of cases. The metalworkers and office employees
did not have any upper airway diseases, but 8% of
woodworking employees had chronic bronchitis. No specific fitness test was performed but all the workers had
undergone general compulsory health examination.
Higher workload due to lifting of heavy loads was observed among metal and wood processing workers.
All workplaces had a common ventilation system (it
was switched on during measurements) and local ventilation systems were used in woodworking workplaces
(not adjustable and built-in equipment tables) and metalworking workplaces (flexible and adjusted according
to objects’ size). Only stainless steel materials were used
in metalworking workplaces, and pine tree materials
were used for production in woodworking workplaces
during the study, and no specific chemicals (e.g. solvents, varnishes) were used during measurements.
Particle measurement methods
Office environment was selected to assess the background level; metalworking industry (welding) and
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woodworking industry (grinding and polishing) were
selected for pilot measurements for dust (includes nanoparticles). Analysis and data from working shift (8 h
including breaks) were collected around the breathing
zone of the operator. For total dust mass concentration
analyses, the specific personal sampling equipment
Millipore Nitrocellulose membrane filters 0.025 μm
VSWP and Gilian 3500 pumps were used. All measurements and calculations were done according to international standard (LVS EN ISO 10882-1:2002) and
methods (NIOSH MAM Method 0500).
Did we collect airborne metal particles or measure vaporized metals? Welding fumes were measured, which are a complex mixture of metallic
oxides, silicates, and fluorides, and when a metal
heated, its vapours condense into very fine particles (solid particulates). Welding fumes generally
contain particles from the material being welded,
i.e. stainless steel which mainly contains manganese, zinc, chromium, nickel, iron, etc. During the
study, stainless steels were welded using MIG
welding technic (also known as gas metal arc
welding (GMAW)—a process that utilizes a continuously fed solid electrode, shielding gas from
an externally supplied source, and electrical power
to melt the electrode and deposit this molten material in the weld joint). Particle size distribution
was performed automatically by ELPI+ impactor
regarding particle size and particle charged value.
The particles collected on aluminium (Al) substrate foils by electrical low-pressure impactor
(ELPI+, Dekati Ltd., Finland) with 14-stage cascade
impactor were used to analyse occupational air quality based on particle size distribution, number, surface area, and particle mass. The impactor classified
particles on so-called stages (stage 1 to stage 14)
into 14 fractions by their size in the range from 6 nm
to 10 μm with a 9.87-lpm sample flow rate using
40-mbar outlet and 1013.3-mbar inlet pressure. The
data saved every second. All ELPI+ measurement
files were transferred to EXCEL spreadsheets, using
Dekati Ltd. software for ELPI+ data calculation. In
this study, we used the total number, surface area,
and mass concentrations by size and calculated
nanoparticles’ number, surface area created by
ELPI+, and calculated by ELPI+ software (taking
into account calibration adjustment).
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Scanning electron microscopy
Scanning electron microscopy (SEM) (NovaNanoSEM
650, Riga Technical University Faculty of Materials
Science and Applied Chemistry Institute of Silicate
Materials) and energy dispersive X-ray (EDX) analysis
were used to provide the elemental analysis or chemical
characterization of the dust particles in a low-vacuum
field-free mode.
Samples were washed several times in isopropanol,
centrifuged, dried, and analysed in a low-vacuum immersion mode operating at a potential of 5 kV.
Nasal smear collection and analysis methods
The test materials were smeared on 76 × 25 mm microscopy slides. The sample size included 36 slides (12
persons) from each enterprise collected on the first shift
day (Monday) and on the fourth shift day (Thursday).
Nasal smear samples were fixed with methanol and
stained using different methods:
1. May-Grünwald-Giemsa staining method: allows visualization of epithelial cells, immune cells (eosinophils, neutrophils, mast cells, and lymphocytes),
bacterial and fungal hyphae. Samples were stained
for 5 min with May-Grünwald solution, then
washed with water and stained again for 15 min
with Giemsa solution and rinsed with water.
2. Staining with eosin and methylene blue: samples
were stained for 7 min with eosin solution, then
washed with water, stained with methylene blue
for 1 min, and washed with water.
All stained samples were visualized at × 400 and ×
1000 magnification using a Leica DMI 4000B microscope, and images were photographed using a built-in
digital camera and ImagePro program. During microscopy, each slide was photographed and each cell type
on these slides was counted. The different cell types
(neutrophils, eosinophils, mast cells, lymphocytes,
and epithelial cells) were identified on the microscopic images, and the number of cells was expressed as a
percentage of the total number of cells. In addition to
various cell types, fungus/mould spores and bacteria
(rods and cocci) were also identified on the sample
slides of nasal smears.
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Methodology of gene expression analysis in nasal swab
samples
The relative gene expression changes were analysed
using quantitative real-time reverse transcription polymerase chain reaction (hereinafter, qPCR). In order to
determine the particle effects of polluted air on gene
expression, RNA was isolated from the nasal swab
samples. RNA was isolated by lysing samples using
Trizol LS reagent (Invitrogen, USA) according to the
manufacturer’s recommended protocol. Nasal mucous
materials were collected using cytological brushes that
allow obtaining more samples directly from the nasal
mucous tissues. The sampling brush was then dipped in
a special reagent for cell lysis to release the nucleic acid
(RNA) for further gene expression analyses which were
compared with samples from 15 matched workers who
included the following: five volunteers from the offices,
five from the wood, and five from the metal industry.
The complementary DNA (cDNA) was synthesised
using the First Strand cDNA Synthesis Kit (Thermo
Scientific, USA) according to the manufacturer’s recommended protocol. cDNA was synthesized from
500 ng RNA. The resultant cDNA samples were amplified using a SYBR Green qPCR Master Mix (Thermo
Scientific, USA) and detected using an ABI Prism 7300
analyser (Applied Biosystems, USA). The effects on
gene expression expressed as relative changes in each
gene were analysed and compared with the control
(office workers).

Results and discussions
Dust particle measurements
The total average dust mass concentrations (also maximum
data) were higher during wood grinding/polishing processes and metal welding/grinding processes (Table 1).
The highest concentrations were estimated directly in metal welding and grinding processes (in the
nanoscale range) when comparing between wood
processing and office (as control or low exposed
environment) condition.
The data from the woodworking industry show high
levels of particle number concentration in the selected
workplaces, and on the other the low surface area. In the
same way, the particle number and surface area were
detected at low levels in offices.
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Scanning electron microscopy
ELPI+ samples (stage/fraction size: 2/≤ 16.6 nm, 3/≤
27.4 nm, 4/≤ 55.2 nm, 5/≤ 93.6 nm, 6/≤ 262.0 nm, 7/≤
383.0 nm, 8/≤ 614.0 nm, 9/≤ 949.0 nm, 10/≤ 1.60 μm,
11/≤ 2.39 μm, 12/≤ 4.00 μm, 13/≤ 6.69 μm, and 14/≤
9.92 μm) were analysed by SEM EDX in order to describe the particles’ chemical content at different stages
(Fig. 1). All of the main inorganic elements constituting
the particles were present, including sodium, calcium,
silicon, iron, magnesium, manganese, zinc, and chromium, as well as chlorine, potassium, and sulphur. Dust
particles comprise all size groups according to the
dispersity: visible (> 10 μm), microscopic (0.25–
10 μm), ultramicroscopic (< 0.25 μm), and nanometric
(1–100 nm) dust (Pavlovska et al. 2016). Particles from
the metal industry samples contain more dust of ultramicroscopic and nanometric sizes and less dust of the microscopic size (both inorganic and organic) already on
particles from stage 2. Samples from the woodworking
industry contained more microscopic and organic dust for
particles with sizes from stage 3 onwards. In samples
from the office environment, particles with sizes of less
than 27.4 nm were generally not found.
The predominant elements were carbon and oxygen
and there were traces of chlorine and sulphur that possibly originated from organic compounds as well as
from inorganic oxides, acids, and salts. For the samples
from the office environment, the concentrations of potassium, chlorine, and sulphur did not exceed 1 wt.%.
For the samples from the metal industry, chlorine, sulphur, and fluorine contents did not exceed 2 wt.% in
total at all stages. In the samples from the metalworking
industry, silica and iron oxide nanoparticles formed the
main mass of the samples as their weight percentage
(wt.%) was 98.27 wt.% of the substrate for nanoparticles
ranging from 27.4 nm (stage 3) to 16.6 nm (stage 2).
Silica and iron oxide accounted for only 5.69 wt.% of
the samples for stage 3 particles (27.4–16.6 nm) in the
woodworking industry, while none of these elements
were found in stage 2.
In the office environment, no particular elements
were found in samples in the size range of 27.4–
16.6 nm, and they did not exceed 13.17% wt.% of the
area chosen for analysis in total at all stages.
Otherwise, the samples from workplaces in both woodworking and metalworking industries also contained manganese (≤ 6 wt.% and ≤ 2 wt.%, respectively) for stage 3
and stage 4 and potassium, chlorine, and sulphur, which
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Fig. 1 The average results of elements in the office, metalworking industry, and woodworking industry

did not exceed 1 wt.% at all stages with the exception of
stage 14 (K 11 wt.%, Cl 11 wt.%, S 5 wt.%).
Office nasal lavage samples contained several cells in
a 20-μm (to 200-μm) scanned area, or did not contain
any at all. In contrast, metal and woodwork processing
samples contained a variety of cell types in all probes
before and after the shifts.
Figure 2b shows the cell uptake (up to 60 nm)
with nanoparticles, which coincides very well with
the particle size in the air. There are mostly spherical
silica particles with different dimensions of < 50 nm,
50–130 nm, and 130–370 nm; Fe2O3 and ZnO nanoparticles < 30 nm from the elemental overlay
(Kurjane et al. 2017).

Results of nasal smears
The nasal smear results show that the immune cell
count is lowest among the office workers for all
analysed cell types. The nasal smear results of the
first day shift (on Monday) between the different
working environments were compared in Fig. 3,
which shows that neutrophils dominated all
workers’ nasal smears. The lowest proportion of
neutrophils in the nasal smears was detected
among office workers. The highest proportions of
neutrophils were detected among the metal and
wood industry workers, which were 1.56 and
1.92 times higher, respectively, than that in the
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Fig. 2 Nova NanoSEM 650 EDX results of human epithelial cell uptake with nanoparticles for metallurgy workers at stage 6 after the shift:
a live map image, b cell uptake with nanoparticles, and c particles from the filter

office workers’ group. The wood industry workers’
smears also contained a relatively higher number
of lymphocytes, while the highest proportion of

eosinophils was observed among metal industry
workers on the first working day of the week
(Fig. 3).

Fig. 3 Cell types identified in nasal smears of workers (n = 36) of different working environments and changes of cell counts (percentage of
the total cell count) during the working week
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Results of caspase 3, gelsolin genes, and interleukin 6
expression
Caspase 3 (CASP-3) activity could be related with the
chemical composition of the particles. There are some
metals, especially zinc, which can provide inhibition of
all involved factors along caspase signals’ pathways.
Caspases are a class of cysteine proteases that are mainly
divided into two groups according to their functions in
apoptosis and inflammation. Caspase cascades play crucial roles in apoptosis and are highly associated with
cancer development and prognosis. However, the role of
expression and activation of various caspases in tumorigenesis remains a double-edged sword. Low expression
levels or inactivation of caspases frequently occur in
cancer cells and make the cells resistant to microenvironmental stresses and treatments. Conversely, the overexpression of caspases in dying cells may release
growth-stimulating signals to allow the non-apoptotic
tumour cells to proliferate and survive under stress
conditions (Liu et al. 2017).
CASP-3, gelsolin (GSN), and interleukin 6 (IL-6)
expression compared with the control group are shown
in Fig. 4. All three of these genes (GSN, IL-6, and
CASP-3) are more suppressed among metal industry
workers compared with the other groups. It should be
noted that IL-6 expression in all the three groups was
detected close to the total average level of the control
group. The most pronounced was GSN gene suppression among all three groups. Caspase-3 gene expression
was suppressed in the nasal mucosa material of the
metal industry workers, while it increased in wood
industry workers. A relatively high IL-6 expression
was detected among wood processing workers compared with that of the control group.

Fig. 4 Relative changes in gene expression in nasal tissues of
woodworking and metalworking employees compared with the
control group (office employees). The dashed line indicates the
gene expression level of the control group (100%)
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The total dust mass concentrations did not exceed
acceptable levels in the tested occupational environments. The maximum (peak) concentrations in the wood
industry workplace were high but they scored as acceptable. The same results were obtained for the metal
welding and grinding processes in which the maximum
concentrations were close to acceptable levels. In general, total mass concentrations did not exceed any occupational exposure limits. In contrast, particle number concentrations were extremely high during the welding and
metal grinding processes (272,370 particles/cm3) with a
median diameter of particles of 0.054 μm. Similar results
were obtained during the wood grinding and polishing
processes, where particle number concentrations were
almost four times lesser than those during the welding
and metal grinding processes, but still had high concentrations (80,510 particles/cm3) compared with office air
pollution level. The detected median diameter of particles and difference between total particle and nanoparticle concentrations during woodworking processes could
be used to evaluate the nanoparticle impact on workers’
health. The particle surface area showed the same tendency as the particle number concentrations: the highest
concentrations were detected during the welding and
metal grinding processes. Similar particle surface areas
were detected in the woodworking and office environments. However, the detected median diameter of particles during surface area measurements was 2.04 μm
during the woodworking processes and 641 nm in the
office environment, the latter of which is microscale and
not nanoscale. In order to evaluate the impact of nanoparticle exposure on workers’ health, at least three parameters must be considered together: the particle mass,
n u m b e r, a n d s u r f a c e a r e a c o n c e n t r a t i o n s
(O’Shaughnessy 2013). The workers’ health status data
showed an increased number of lymphocytes in the
group of office workers. The most significant increase
was in the number of neutrophils in the nasal smears of
the metal industry workers; however, eosinophil counts
were also high among the wood industry workers. While
gene expression results showed gelsolin gene suppression, there were increases in expression of the caspase 3
and IL-6 genes, which together have a negative effect on
the workers’ health status. GSN plays an important role
in moving cells including cilium formation which is
responsible for providing clearance of harmful physical
factors (e.g. dust) from the respiratory tract after inhalation. Gelsolin inhibits cell mortality or apoptosis through
the specific inhibition of cytochrome C release in cells.
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Animal experiments with mice have shown that a reduced amount of GSN increases the permeability of the
pulmonary vascular barrier, thus increasing the risk of
lung infections (Becker et al. 2003). Therefore, gelsolin
gene suppression may be indicating adverse effects by
the long-term air pollution of the working environment
on the functionality of the respiratory epithelium. The
different effects on the expression of the CASP-3 gene
are associated with particulate air pollutants of varying
chemical compositions in the particular working environments (wood dusts, welding aerosol, and ambient
air). The increase in CASP-3 gene expression may be
viewed as a negative aspect because animal experiments
show an association between CASP-3 expression and
lung cell apoptosis (Bai and Meng 2010). IL-6 acts both
as an inflammatory cytokine and as a mediator in various
regeneration processes. IL-6 secretion was described in
cases of airway inflammation characterized by the infiltration of eosinophils and neutrophils. IL-6 levels increase in asthma sufferers (Chu et al. 2015; Kuhlbusch
et al. 2018; Rincon and Irvin 2012). Therefore, the
relatively high proportion of neutrophils may explain
the higher IL-6 expression observed in wood processing
workers and eosinophils in their nasal smear samples.
Perhaps the induction of gene expression in the nasal
mucosa samples among wood processing workers suggests a higher inflammatory process compared with the
two other worker groups.
In the future, there is a need to provide research
studies evaluating the neurological health effects among
workers who are exposed to high nanoparticle concentrations because in vivo studies show nanoparticles are
transported through the nasal nerves to the animal (rat)
brain. Inhaled nanoparticles damage airways’ epithelial
cells and are to a significant extent translocated to the
central nervous system (CNS), and the potential longterm effects of their accumulation in the olfactory bulb
and translocation of the CNS are new fields of studies as
well (Oberdörster et al. 2005).
Such studies are particularly important in cases of
exposure to welding aerosol, which contains fumes of a
toxic chemical composition (Feikert et al. 2004) including manganese, zinc, aluminium, copper, and metals.

Conclusion
The smallest detected median diameter of particles
(12 nm) and the smallest difference between
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inhalable dust and nanosized particle number concentrations are observed in the occupational air of
wood industry workplaces. Consistently, the wood
processing workers’ health status showed higher
inflammatory indicators, such as a relatively high
proportion of neutrophils and eosinophils in nasal
smear samples and the induction of IL-6 gene
expression in the nasal mucosa samples.
The total mass concentration did not exceed any
of the occupational exposure limits for the metalworking industry, but particle number concentrations were extremely high during the welding and
metal grinding processes with nanosized median
particle diameters detected in number concentration
measurements. The metalworkers’ health status
showed increased immune cell counts after four
working shift days, but gene expression levels
among the metal industry workers were similar to
those of the office workers. Consequently, the data
show a negative tendency of nanoparticle exposure
concentrations on workers’ health status based on
the increase of inflammatory processes and damage
to airway epithelial cell functionality. Furthermore,
inhalation is considered to be the primary route of
exposure for dust with the smaller particles having
the potential for greater effects on human health as
they reach alveolar level and could lead to a wide
range of negative health effects such as respiratory
diseases, acute toxic effects, allergic reactions, and
cancers.
The respiration system is a direct pathway for nanoparticles to CNS. This pathway from the nasal mucosa
to CNS could be important in inducing neurotoxic effects following acute or chronic environment or occupational inhalation of nanoparticles and long-term effects of their accumulation are a new area of research.
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