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Abstract

Purpose: Our study focuses on elucidating if two common inflammatory biomarkers, easily performed in any
laboratory - high-sensitivity C-reactive protein (hsCRP), as well as fibrinogen - could be used to assess the person-
al health risk of workers exposed to a complex occupational exposure to ultrafine particles (UFP) and a mixture
of organic solvents. Methods: 10 assess the inflammatory response on the body, laboratory determinations were
performed by testing the serum levels of hsCRP and fibrinogen, in exposed and unexposed groups. Results: There
are no statistically significant differences for hsCRPs (p-0.25), medians were similar in groups. The mean values
of fibrinogen in the three groups were: in the workers group (Ist group): 346.2 mg/dl, in the office staff group
(2nd group).: 328.7 mg/dl, and in the control group (3rd group): 284.8 mg/dl, with significant differences between
1st group vs 3rd group and between 2nd group vs 3rd group (p-0.002). UFP levels differ between the groups, as
follows.: 1st group were exposed to the highest levels, ranging from 48349 to 3404000 part/cm3; 2nd group, rang-
ing from 17371 to 40595 part/cm3; and 3rd group, ranging from 213 to 16255 part/cm3. Conclusions: Our study
demonstrates that fibrinogen is a useful inflammatory biomarker for exposure to a mixture of UFP and organic
solvents. On the other hand, hsCRP is not a useful inflammatory biomarker in occupational exposure to UFP and
organic solvents. Further studies are needed to demonstrate the extent to which fibrinogen is more or less influ-
enced by organic solvents or UFP alone.
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Background

Nowadays, workers are exposed to a range
of ultrafine particles (UFP) comprising manufac-
tured nanoparticles and particles coming from
natural, human or industrial sources. Workers
are exposed to UFP, either in nanoparticle pro-
duction processes or during the transport of these
materials, but especially when using nanoparti-
cles and nanomaterials. Workers are susceptible
to their toxic action, most likely by inhalation
[1]. Furthermore, it is well known that in most of
the ‘nano-exposed’ workplaces there is not only
a single but a complex exposure to other chemi-
cals, especially to organic solvents.

The effects of organic solvents on human
body are well known for decades. Different types
of cancers (blood, renal, breast, lung, liver) have
been associated with organic solvents exposure,
as well as a wide range of non-cancerous health
effects such as functional aberration of vital sys-
tems in the body like reproductive, immune,
nervous, endocrine, cardiovascular, digestive
and respiratory [2-5]. Industrial solvents are also
known as a source of free radicals in the body,
which could furthermore explain their multiple
role in a wide range of pathologies [6].

Unlike for solvents, the effects of nanoparti-
cles on health are not yet fully understood, and
even less is known about the effects of simul-
taneous exposure to ultrafine particles and sol-
vents. Previous studies reported that nanoparti-
cle exposure might result in lung diseases (pul-
monary fibrosis, granulomatosis, inflammation
of the pulmonary parenchyma, bronchial asth-
ma, lung cancer), cardiovascular ones, such as
atherosclerosis [7-9].

Thus, evaluation of the toxic effects that het-
erogeneous complex mixtures might induce is
a current challenge, since the number and type
(e.g. nanoparticles) of materials are constantly
evolving. Several biomarkers are currently stud-
ied, such as markers of inflammation (e.g. C-re-

active protein-hsCRP, fibrinogen) [10]. Plasma
hsCRP is usually low in normal individuals but
can be up-regulated rapidly in response to in-
jury, infection, and other inflammatory stimuli,
even in particulate matter exposure. Most ani-
mal studies provide strong evidence that hsCRP
levels increase after particulate matter exposure
[11, 12]. Other studies have investigated the role
of hsCRP in particle-mediated systemic inflam-
mation and found that exposure to ambient par-
ticles increase blood C-reactive protein levels in
humans [13, 14] and rats [15].

Knowing that fibrinogen is up-regulated in
inflammation and is associated with the cardi-
ovascular effects observed after environmental
particle exposures, Peters A. et al., [16] hypoth-
esized that fibrinogen acts to coat and aggregate
discrete matter, to increase particle size upwards
of the nano-range and to accelerate this process
at increased concentrations.

In this context, our study aimed at the assess-
ment of the toxic effects of a complex mixture
of ultrafine particles and organic solvents, as re-
flected by the serum levels of C-reactive protein
and fibrinogen, together with the clinical eval-
uation of exposed workers and members of the
unexposed group.

Materials and Methods

Study design

The research was based on a cross-sectional
study that included three groups. In the 1% group
20 workers from the areas concerning the pro-
duction of paints and thermoplastic panels based
on TiO,, varnishes, plasters, and composite ma-
terials were included. These workers are usual-
ly performing a day by day activity (8 hours a
day in two shifts) consisting in casting of fiber-
glass-reinforced polyester composite sheets, hot
sanding of sheets, mixing various substances in
the process of making washable paints. All oper-
ations are carried out in a large hall divided into
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3 open spaces with a wide communication in
between. Most of the workers in the production
area perform rather static work, in a limited area.
In the 2™ group 30 workers from the staff area of
the factory, just nearby the main production hall
were included; their location is separated from
the production area by simple doors, without an
air/water curtain. All the office workers have oc-
casional responsibilities in the production area,
but they usually spend a short time in that area
for checking systems and quality control. In the
3" group (control group) 70 out-of-factory peo-
ple who only perform office work as civil ser-
vants in a public institution were included.

The study was approved by the Ethics Com-
mittee of the University of Medicine and Phar-
macy of Tirgu Mures, Romania, and a collabo-
ration protocol was established with the factory
where the workers are performing. Due to the
confidentiality provisions, we cannot disclose
the name of the factory, as well as its location,
except the country, Romania.

Subjects included in the research received
information about the objectives of the study and
signed an informed consent issued in compliance
with the Helsinki Declaration. Demographics
(age, gender, seniority at work), laboratory re-
sults, biological samples were used only for the
purpose of the project protocol. No names were
used, and the subjects’ privacy and anonymity
were preserved.

We excluded subjects who had had intense
physical activity before sampling or had been ad-
ministered certain medicines, such as non-steroi-
dal anti-inflammatory drugs (aspirin or ibupro-
fen), corticosteroids, hypolipemiants (statins),
hormonal treatment of any type. Subjects on oral
contraceptives, pregnant, obese or with cardio-
vascular disorders were also excluded.

Exposure evaluation
Ultrafine particles exposure. Measurements
of ultrafine particles level in the work place were

done using an Aerasense NanoTracer (Phillips,
Eindhoven, The Netherlands) [17]. The nano-
Traces is a portable device allowing the repeated
(time resolution 16s) determination of number
concentration and average particle size of par-
ticles between 20 and 120 nm. Stationary meas-
urements for 1h have been done in different work
places following the working cycles.

Solvents exposure. Exposure to volatile or-
ganic compounds (VOCs) has been evaluated us-
ing passive organic vapor monitors (3M™ 3500
monitors, 3M Company, Saint Paul, US) that
were analyzed using a gas chromatography cou-
pled with a flame ionization detector (GC-FID)
method allowing the identification and quantifi-
cation of 185 VOC:s. Detailed description about
the method and analytical performances has
been published elsewhere [18].

Clinical evaluation

Subjects were examined according to the
following schedule: physical examination, oc-
cupational history based on a specific question-
naire, smoking and alcohol consumption habits.
Biological sampling for the workers was per-
formed during the work shift, towards the end
of the working day and during the second part
of the week.

Biochemical measurements

Blood tests were performed to determine
the level of C-reactive protein and fibrinogen
as markers of inflammation and tissue damage.
hsCRP levels have been measured using a clin-
ical chemistry analyser Cobas Integra 400 plus.
The following hsCRP cut-off points were recom-
mended for cardiovascular disease risk assess-
ment: <1.0 mg/l for a low relative risk, 1.0-3.0
mg/l for an average relative risk, and > 3.0 mg/1
for and increased relative risk.

For fibrinogen measurements a STA®-Liquid
Fib Kit was used on a STA-R®, STA Compact®
and STA Satellite® for the quantitative determi-



180 Revista Romdna de Medicina de Laborator Vol. 26, Nr. 2, Aprilie, 2018

nation of fibrinogen levels in plasma by the clot-
ting method of Clauss [19]. Sample collection
was in conformity with the recommendations for
haemostasis tests. Blood (9 vol.) was collected
in 0.109 M (i.e., 3.2 %) trisodium citrate anti-
coagulant (1 vol.). Centrifugation: 15 minutes at
2000-2500 g. Plasma storage: 8 hours at 20 = 5
°C. The normal plasma fibrinogen level in the
adult population was in the range of 2-4 g/1 (200-
400 mg/dl).

Data recording and analysis

The data were collected in Excel. Statisti-
cal analysis was performed using the Statistical
Package for Social Sciences (SPSS, version 22,
Chicago, IL, USA). To assess the normality of
continuous variables (i.e. hsCRP, Fibrinogen),
the Shapiro-Wilk test was used. ANOVA test was
used to assess the differences between means of
continuous variables (expressed as mean + SD),
while differences between nonparametric var-
iables (expressed as median, range) were com-
pared using the Kruskal Wallis tests. By using
Bonferroni and Dunn’s multiple comparison
tests, we found the groups between which there
were statistically significant differences. We in-
terpreted all tests against a p=0.05 significance
threshold and statistical significance was consid-
ered for p-values below the significance thresh-
old.

Results

Studied population

A total of 120 subjects aged 27-57 years old
(mean = 42.3 years) were included in the study
of which 54.4% were male. The different groups
consisted of: 20 factory workers with mean age
of 41.9 years (1* group); 30 office staff subjects,
employed in the same factory, with mean age of
42.6 years (2" group); and 70 public servants,
from a public government institution, with
mean age of 42.5 years (3" group). Groups were

matched for age, sex, body mass index, but dif-
fer upon health status. Current working place
seniority was not statistically different (p-0.47)
between the 1% group (median 4.77 years) and
2" group (median 4 years). Also, total occupa-
tional seniority was not statistically different (p-
0.29) between the two factory groups (median
19.5 years and 18 years, respectively).

The workers’ past medical history reveals
that smoking habit is present in 60% of the
workers in the 1% group, 46.6% in the 2™ group
and 35.7% in the 3™ group. Similar data reflect
occasional alcohol consumption: 70% in the 1*
group, 60% in the 2™ group and 40.0% in the
3" group. Considering smoking habit and occa-
sional alcohol consumption, we have not identi-
fied a statistically significant difference between
the exposed groups (1* and 2™) and control (3%
group), (p-0.49 for smoking, and p-0.70 for al-
cohol).

Exposure evaluation

Ultrafine particle levels (table 1) differ be-
tween the groups, as follows: 1% group — factory
workers were exposed to the highest levels of
exposure, ranging from 48349 to 3404000 part/
cm?; 2" group — factory office staff were exposed
to lower levels of UFP than the factory work-
ers, ranging from 17371 to 40595 part/cm?; and
the 3 group — control group were exposed to
environmental levels of UFP, ranging from 213
to 16255 part/cm?. Apart from the actual levels
of exposure the type of ultrafine particle differed
between the groups with very small particles (20
to 64 nm diameter) for 1* group, and similar par-
ticle size for both 2™ group and 3™ group (63 to
110 nm and 64 to 108 nm diameter, respective-
ly).

Among the 185 VOCs compounds screened
for, only three solvents have been identified in
the factory: styrene, acetone and toluene. OS-
HA-recommends different occupational expo-
sure limits for these solvents: styrene - 85 mg/
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m’, acetone - 1187 mg/m?® and toluene - 75 mg/
m?, Threshold Limit Values (TLV) issued by the
American Conference of Governmental Indus-
trial Hygienists (ACGIH). As for UFP, the 1*
group had the highest exposure to the organic
solvents: styrene ranging from 3 to 218% TLYV,
acetone ranging from 0.4 to 28% TLYV, and tol-
uene with levels lower than 2% TLV. The 2™
group has shown a moderate exposure to sol-
vents: styrene lower than 7% TLV, acetone lower
than 1% TLV and toluene lower then 0.5% TLV.
For the 3 group, the levels of solvents were be-
low the limits of quantification of the analytical
method (i.e styrene, 0.12 pg/m?®; acetone, 0.22
ug/m?; toluene, 0.1 ug/m?). (Table 1)

Clinical evaluation
BMI varies among the workers’ groups, from
25.43+4.4 kg/m? for the 1% group, to 25.02+3.9

kg/m? for the 2™ group and 26.30+4.3 kg/m? for
the 3" group (p>0.05).

Blood pressure, as well as heart rate are nor-
mal across the three groups.

Despite the polymorphism of the symptoms
and diseases revealed during the clinical exami-
nation, we have found a higher incidence of res-
piratory conditions among the workers in the 1%
group (35.0%) and the 2™ (14.8%), while mus-
culoskeletal disorders are dominant among the
workers in the 3™ group (25.3%).

Biochemical measurements

Since the data for hsCRP did not follow a
Gaussian distribution, we used a Kruskal-Wallis
test for the statistical analysis. This test revealed
that there are no statistically significant differ-
ences between hsCRP (p=0.25), even if medi-
an values are showing an increasing tendency

Table 1. Exposure level to ultrafine particles and organic solvents

Minimum  Median Maximum Mean Std. Dev.
Workers (1% group)
UFP No. part./cm? 48349 574854 3404000 715845 587574
dp nm 20 28 64 32 11
Solvents Styrene pg/m? 2783 45317 185563 48517 36318
Acetone pg/m? 4377 9264 335983 60206 103702
Toluene pg/m? 34 680 1436 668,4 462
Office staff (2" group)
UFP No. part/cm’ 17371 21560 40595 22226 3131
dp nm 63 95 110 94 7
Solvents Styrene pg/m? 272 1243 5911 2166 1995
Acetone pg/m? 333 1294 7854 2489 2435
Toluene pg/m? 70 253 342 232 78
Control (3" group)
UFP No. part/cm’ 213 10568 16255 10058 2901
dp nm 64 89 108 89 9
Solvents Styrene pug/m3 <0.12 <0.12 <0.12 <0.12 0.12
Acetone pug/m3 <0.22 <0.22 <0.22 <0.22 <0.22
Toluene png/m3 <0.10 <0.10 <0.10 <0.10 <0.10

UFP - ultrafine particles; dp — diameter of the particle (part.)
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(workers > office staff > control), which might
be attributed to the different exposure levels:
higher exposure for workers, median exposure
for office staff and no exposure for the control
group. The complete descriptive and inferential
statistics for hsCRP are given in Table 2.
Concerning the results for fibrinogen, the
obtained data follow a Gaussian distribution al-
lowing us to use an Anova test for the statistical

analysis (Table 3). The mean values of fibrinogen
in the three groups were as follows: in the higher
exposure group of 346.2 mg/dl, in the moderate
exposed group of 328.7 mg/dl, and in the control
group of 284.8 mg/dl, with significant differenc-
es between the exposed subjects and the control
group (p-0.002).

We further analysed the correlation of hsCRP
and fibrinogen levels with different clinical indi-

Table 2. Comparative value of hsCRP in the monitored groups

Kruskal-Wallis test Groups
hsCRP VZorkers Oijlfjce staff (jiontrol
(mg/l) (I gioup) (2 gioup) 3 gioup)
No=20 No=30 No=70
Minimum 0.14 0.09 0.05
Median 1.92 1.42 1.04
Maximum 8.72 7.08 9.31
Mean 2.68 1.74 1.97
Std. Deviation 2.40 1.79 2.10
P value 0.25
Do the medians vary signif. (P < 0.05) No
Dunn’s Multiple Comparison Test Difference in rank sum
Workers vs. Office staff 15.68 Significant? No
Workers vs. Control 11.36 ' No
P <0.05?
Office staff vs. Control -4.318 No
Table 3. Comparative value of fibrinogen in the monitored groups
Anova test Groups
Fibrinogen Workers Office staff Control
(mg/dl) (1% group) (2m group) (3t group)
No=20 No=30 No=70

Minimum 220.0 220.0 101.0
Median 340.0 315.5 288.0
Maximum 533.0 514.0 449.0
Mean 346.2 328.7 284.8
Std. Deviation 75.37 78.17 73.30
P value 0.002
Are means signif. different? (P <0.05) Yes
Bonferroni’s Multiple Comparison Test Mean Diff. Significant? 95% CI of diff

P <0.05?
Workers vs. Office staff 17.52 ns -35.85 to 70.89
Workers vs. Control 61.45 ok 14.47 to 108.4
Office staff vs. Control 43.92 * 2.312 to 85.54

*p<0.01, **p<0.001
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cators (i.e. systolic blood pressure — SBP, dias-
tolic blood pressure — DBP, heart rate — HR), age
and seniority in the current job, distinct for each
of the three groups. No significant correlations
except for HR in moderate exposed group (office
workers) were observed (Table 4).

Discussions

Previous human and animal studies have de-
scribed the potential effects of UFP and nano-
materials on human health, like: inflammation,
pulmonary fibrosis or cardiovascular effects [7,
20-24]. In this context, the determination of
potential toxic effect on human of UFP and/or

nanomaterials exposure became important for
the timely diagnosis of potential diseases devel-
opment [8, 25-26]. Thus, in the current study,
we investigated whether two widely used and
readily available inflammatory markers, name-
ly hsCRP and fibrinogen, could be used for the
timely diagnostic of potential systemic effects.
hsCRP is a systemic marker sensitive to in-
flammation and tissue damage [27-29]. Although
it is considered a non-specific biomarker, its lev-
el increases as a result of tissue damage caused
by acute inflammatory events. Monitoring is,
therefore, considered very useful for screen-
ing and for disease management [30]. Baseline
hsCRP values in healthy subjects are below 10

Table 4 - Correlations between hsCRP and fibrinogen with clinical indicators

Markers  Groups Spearmfm Seniority 1.n the Age BMI SBP DBP HR
Correlation current job
Correlation Coeff 0.026 20191 0332 0306 0426 0025
Workers
ISI
(1* group) P value 0.915 0420 0.52 0233 0088 0.926
Correlation Coeff -0.030 20.034 0082 0084 -0.155 0.568
Office staff
2nd
LSCRP (2" group) P value 0.895 0865 0.679 0676 0440  0.043
Correlation Coeff -0.004 0043 0059 -0208 -0.178 -0.196
Control
rd
(3" group) P value 0.973 0783 0644 0105 0166 0.126
Correlation Coeff -0.010 0026 0013 0340 0340 -0.194
Workers
st
(1% group) P value 0.967 0912 0956 0181 0182 0471
Correlation Coeff -0.184 20.062 0363 -0.053 -0.015 0493
Office staff
L 2nd
Fibrino- (" 8rouP) P value 0.413 0755  0.058 0.792 0940  0.045
gen
Correlation Coeff 0.013 20.034  -0227 -0.102 0.148  0.052
Control
rd
(3" group) P value 0.925 0831  0.087 0452 0273  0.700

Body mass index - BMI, blood pressure — SBP, diastolic blood pressure — DBP, heart rate — HR
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mg/l. Serum hsCRP levels above 3 mg/l were
found to be associated with an increased risk of
cardiovascular events. Levels between 1 and 3
mg/l are associated with an average risk of car-
diovascular conditions, whereas levels below
1 mg/l are indicative of a low risk [31]. In our
study, the hsCRP values were similar in the three
groups (p-0.25) with median values of 1.04 mg/1
for control, 1.42 mg for office staff moderately
exposed and of 1.92 mg/l for the workers un-
dergoing the highest levels of exposure. Even if
no statistical significance has been found, an in-
creased level in hsCRP might imply an increased
cardiovascular risk for the exposed subjects com-
pared to control. Similar findings were reported
in the study of Hui et al. [9] for workers exposed
to nano-materials as compared to control.

As far as fibrinogen is concerned, the ap-
plied ANOVA test revealed a significant dif-
ference between work environments of the
monitored groups. Bonferroni’s multiple com-
parability test indicating that the mean of the
fibrinogen in the control group was much lower
compared to the exposed groups. Increase in fi-
brinogen synthesis was noted in the acute phase
response to infections, inflammations, tumors,
trauma, burns. It is useful in assessing the risk
of cardiovascular thrombotic events (e.g. acute
myocardial infarction, stroke) or acute inflam-
matory processes [32, 33]. Previously, fibrino-
gen was also found to represent a good candi-
date for human biomonitoring following nano-
materials exposure in a review by Bergamaschi
[34], but the author found also hsCRP to play a
similar role. However, we cannot quantify the
extent to which fibrinogen is influenced by UFP
and/or the mixture of organic solvents. Since we
did not find any suggestive data in the literature
regarding the influence of exposure to organic
solvents on the fibrinogen blood level, we have
assumed the blood levels of fibrinogen would
likely be influenced more by UFP than by or-
ganic solvents. In a transversal study of Liou et

al. [35], the authors observed that the level of
fibrinogen was significantly higher for high-risk
workers than for controls.

Furthermore, experimental studies based on
human experimental inhalation found that ul-
tra-fine particles or particles emitted by diesel
engines are inducing cardiovascular lesions by
affecting vascular tone and endogenous fibrinol-
ysis [24, 36, 37].

Also, cardiovascular consequences due to
exposure to nanoparticles have been reported in
several epidemiological studies [13, 38, 39]. In
our study, the correlation of hsCRP and fibrino-
gen with distinct clinical indicators (SBP, DBP,
HR) for each of the three groups did not identify
significant correlations except for the heart rate
in the moderately exposed group (rho correlation
0.568, p-0.043).

To the best of our knowledge, our study is
the first providing data on these inflammation
markers in workers exposed to a heterogeneous
mixture of UFP and organic solvents. Based on
the results of our study, fibrinogen might be a
suitable systemic marker for potential disease
developed upon exposure to a complex mixture
of UFP and organic solvents. Nevertheless, one
should always consider other clinical indicators
along with the fibrinogen level when assessing
the worker’s personal risk. According to our
data, the heart rate could represent such a clinical
indicator, but clinicians should take into consid-
eration other causes of inflammation and tissue
damage that could lead to an increased fibrino-
gen level. Normalizing plasma fibrinogen level
to total leukocyte or neutrophil counts could also
be helpful in the clinical judgment, as well as
measuring the level of biomarkers of oxidative
stress [40-44].

Anyway, our study suggests that exposure to
a complex mixture of organic solvents and UFP
triggers an inflammatory state and this could be
used by the occupational physicians to assess the
personal health risk of the exposed workers and
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to recommend further investigations, i.e. specific
toxicological investigations.

We recognize the following potential lim-
itation of our study. The samples selected were
small to offer a good power for the study. In
particular, the 1% group was smaller since there
are not many factories where the management
team agrees with studies aimed at assessing
markers designed to demonstrate that exposure
to nanoparticles or solvents is a major risk to the
workers’ health. Additionally, there is another
difficulty relating to the potential subject’s ac-
ceptance of participating in a study where blood
and urine samples are collected. Next, costs re-
lated to sample transport, processing, and main-
tenance are further hindering factors. However,
the 3" group includes sufficient subjects com-
pared to the groups of exposed subjects, in order
to increase the statistical power.

Conclusion

Based on the results of our cross-sectional
study, exposure to a mixture of UFP and organ-
ic solvents triggers an inflammatory response.
Our study demonstrates that fibrinogen is a
useful inflammatory biomarker for exposure to
a mixture of UFP and organic solvents. On the
other hand, hsCRP is not a useful inflammatory
biomarker in occupational exposure to UFP and
organic solvents. Further studies are needed to
demonstrate the extent to which fibrinogen is
more or less influenced by organic solvents or
UFP alone.
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