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Introduction

Abstract

There is little evidence of the prolonged effects of continuous
Particulate Matter (PM) and Polycyclic Aromatic Hydrocarbons
(PAHSs) pollution exposure on respiratory function and the possibil-
ity of allergy occurrence in healthy individuals. We present the re-
sults of prospective studies assessing the possible effects of select-
ed PAHs on lung function, possibly inflammatory effect, and impact
on allergy development. The research was conducted in a town in
the north-central region of Mazovia, with approximately 50.000 in-
habitants. The study comprised 73 healthy individuals (23M and
50F, aged 54.95 + 12.64 years). Pulmonary Function Tests (PFT),
serum cytokine concentrations, allergen-specific IgE levels (inhala-
tion panel), and the samples of PM, , to assess PAH concentrations
were performed in the heating and non-heating seasons. In both
periods, the values of the PFT parameters were within the normal
range. Serum cytokine and PAHs concentrations were higher during
the heating season. Correlation analysis of the results of PFT pa-
rameters with cytokines level revealed the occurrence of weak but
significant (p<0.05) associations in the heating season compared
to the non-heating season. Negative correlations were observed
between increasing concentrations of PAHs (Anthracene, Phen-
anthrene, Pyrene, and Acenaphthene in particular) and decreas-
ing PFT parameters. Simultaneously, correlations were observed
between the rising concentrations of PAHs and concentrations of
proinflammatory cytokines IL-4, IL-6, IL-8, and TNF- a. This study
revealed the possible impact of PAHs in ambient air on lung func-
tion and the development of local and systemic inflammation, and
may suggest the possibility of allergy occurrence.
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Air Pollution (AP) negatively affects human health and con-
tributes to increased morbidity and mortality [1,2]. Particu-
late Matter (PM) with aerodynamic diameters of 2.5 um and
smaller, and PAHs penetrate the pulmonary alveoli from where
they easily diffuse through the capillaries and move around the
body [3]. Epidemiological studies have explicitly shown that
short-term exposure to increased concentrations of PM has a
negative impact on health, which has been well documented by
studies of Lung Function (LF) in pediatric populations receiving
excessive exposure to PM, and PM, .. A small increase in its
concentration contributed to lower FEV, (Forced Expiratory Vol-
ume in the first second of exhalation) [3,4]. In healthy individu-
als, the influence of persistent pollution on LF has been slight,
and there is little evidence of prolonged effects of pollution on
respiratory function [5,6]. In some publications, massive PM

exposure has not changed the LF. However, in others, a slight
alteration in Maximal Midexpiratory Flow Rate (MMEF) and
modest increases in bronchial resistance have been noted [2,7-
9]. Although the effect on healthy individuals may be weak, AP
may be a significant issue, and even small changes in a health-
related parameter in a large, exposed population may consider-
ably impact public health [1,10-13]. Many publications concern
the adverse effects of air pollution on chronic respiratory and
cardiovascular diseases [12,14,15]. They have demonstrated
the impact of short-term (several days) increased concentration
on LF in healthy individuals. Rice et al. have noted the effect of
short-term exposure to a relatively low level of PM, , NO,, and
0O, on decreasing the value of FEV1, which normalized after 48
hours in 3,262 healthy participants of the Framingham Heart
Study [13]. Whereas Faustini et al. have found a significant rela-

Austin Environmental Sciences

Volume 9, Issue 1 (2024)
www.austinpublishinggroup.com
Jaskota-Polkowska D © All rights are reserved

Citation: Chciatowski A, Dgbrowiecki P, Jaskéta-Polkowska D, Rzeszotarska A, Korsak J, et al.
Particulate Matter and Polycyclic Aromatic Hydrocarbons Influence on Respiratory Function
and the Possibility of Allergy in Healthy Adults. Austin Environ Sci. 2024; 9(1): 1103.



Jaskota-Polkowska D

Austin Publishing Group

tionship between the temporarily elevated concentration of AP
and increased mortality [16]. It has provided valuable evidence
pointing out that long-term exposure to air pollution, even at
low levels, has been associated with a more frequent occur-
rence of symptoms of respiratory diseases [17].

Poland is one of the most polluted countries in the European
Union (EU), where concentrations of PM,  and PM, , as well as
benzo(a)pyrene (BaP) exceed, in some cases significantly, the
upper limit values established in the appropriate EU directives
and WHO recommendations [1,18-20]. High levels of PM and
BaP mainly occur in winter because of the everyday use of solid
fuels (coal and wood in particular) for heating individual house-
holds. Except for the so-called low-stack emission, this problem
also results from traffic-related emissions, especially in winter
when solid fuel is intensively used with unfavorable meteoro-
logical conditions, and smog is often observed [21]. It has also
been shown that each increase in the 5-year PM_  concentra-
tion by 10 pg/m? is associated with a decline in FEV, of 1.68%,
in Peak Expiratory Flow (PEF) of 1.18% and Midexpiratory Flow
(MEF) at 50% of Forced Vital Capacity (FVC) - MEF, of 4.61%),
but also with an increasing incidence of allergy and Bronchial
Asthma (BA), pneumonia, and other pulmonary diseases [22-
26].

We present the results of prospective studies assessing the
possible effects of selected PAHs on LF, possibly including an in-
flammatory effect and an impact on allergy development.

Materials and Methods
The Study Area and Population

The study was conducted in a town in the Mazovia region
about 30 km northeast of Warsaw, with approximately 50,000
inhabitants and the highest density population among Polish
towns (almost 4,000 persons per km?). Single-family houses
constitute the majority of the infrastructure. The buildings are
heated using coal boilers, wood and coal-burning cookers, and
fireplaces, and in winter, they are heated more intensively, re-
sulting in the emission of pollutants into the ambient air.

In this study, 73 individuals participated, including 23 males
and 50 females aged 54.9 + 12.6 years who had been residents
of this town for at least 10 years. None of them smoked ciga-
rettes or had no comorbidities, especially chronic respiratory,
cardiovascular or allergic diseases. The study was carried out
in autumn and winter (October — March) - the Heating Season
(HS), and in spring and summer (May—August) - the non-heating
season (nHS). Information about the investigated group is pre-
sented in Table 1.

Medical Examination

All subjects underwent PFTs and had venous blood speci-
mens collected to examine the serum cytokine concentration,
including Tumor Necrosis Factor (TNF-a), cytokines - IL-1B, IL-4,
IL-5, IL-6, IL-8, IL-10 and allergen-specific IgE (Al splgE) - inha-
lation panel. PFTs and blood analyses were performed during
HS and nHS at the same time of the day (between 8 and 11
a.m.). PFTs were done with the use of the pneumotachometer
Masterscreen (Jaeger, Germany). Volume and flow rate values
were measured during an expiratory flow maneuver registered
as the flow-volume curve. The parameters, including FVC, FVC%
(predicted value), FEV , FEV,% (predicted value), rate of FEV, re-
lated to the current forced vital capacity - FEVl/FVC, and MEF
MEF

507

257

MEF,, and MEF, %, MEF, %MEF_ % (predicted value)

Table 1: Basic characteristics of the examined population and pulmo-
nary function tests results.

Variable Unit Heating seasons = Non-heating seasons
Patients Number - n 73 73
Age X+SD 54.95+12.64 54.95+12.64
Male/female n/n 23/50 23/50
FvC 3.82+0.94 3.87+£0.96
FEV, 2.90+0.77 2.92 +£0.80
L
MEF,, 0.99£0.59 0.98+0.45
X+SD

MEF_, 3.22£1.19 3.27£131
MEF 5.64 £2.01 5.84.£2.00
FvC 106.34+14.00 108.44+15.34
FEV, 98.73+17.96 102.22+18.76
MEF % of predicted values g oo 3931 86.26+39.84

s X£5D e =
MEF_, 95.72437.72 103.6642.70
MEF 91.02+25.03 95.00+26.28
FEVl/FVC % 75.73£6.62 75.10 £6.90

FVC: Forced Vital Capacity; FEV1: Forced Expiratory Volume in the first second
of expiration; MEF25: Midexpiratory Flow at 25% of vital capacity; MEF50:
Midexpiratory Flow at 50% of vital capacity; MEF75: Midexpiratory Flow

at 75% of vital capacity; FEV1/FVC: Percentage Rate of FEV1 related to the
current Forced Vital capacity (the so-called pseudo-Tiffeneau factor); X + SD:
Mean * Standard Deviation

were measured. Eligibility criteria for correct performance of
the tests were assumed according to the guidelines [27]. The
study was carried out in accordance with the ethical standards
in the Declaration of Helsinki and approved by the Bioethics
Committee of the Military Institute of Medicine. Written in-
formed consent was obtained from all study participants.

Cytokines and Allergen-Specific IgE Antibodies Analysis

Cytokines were evaluated with commercially available Pro-
carta Plex Human High Sensitivity kits (Invitrogen, ThermoFisher
Scientific, USA), based on the xMAP technology, which enables
detection and quantitative determination of various proteins in
one specimen [27]. The limits of detectability for human cyto-
kine assays were as follows: IL-1B8 — 0.20 pg/ml; IL-4 - 0.88 pg/
ml; IL-5 — 0.86 pg/ml; IL-6 - 0.94 pg/ml; IL-8 - 0.24; IL-10 — 0.23
pg/ml; TNF-a— 0.72 pg/ml.

Phadiatop (allergy screening) of allergen-specific IgE (Al sIgE)
test was analyzed using fluoroimmunoassay. The panels in-
cluded allergens such as animal dander (dog, cat, horse), pollen
(grass, tree, weeds), fungi (Cladosporium), and mites (Derma-
tophagoides pteronyssimus, D. farinae). The results are given in
kU/I and classes (0 —6) [27].

Samples Collection and Instrumental Analyses

The PM, . samples were collected simultaneously with medi-
cal procedures in 15 locations inhabited by persons undergo-

Table 2: Serum cytokine concentrations in the considered seasons.

Season
X Heating seasons Non-heating seasons
Cytokines
X £ SD (pg/mL)

TNF-a 1.11 +3.63* 0.55+ 1.05
IL-1B 0.60 £0.17 0.29+£0.80
IL-4 2.16 +4.79* 1.34+2.41
IL-5 2.29+1.38 1.11+3.23
IL-6 3.68 +2.84* 2.80+1.08
IL-8 0.11+0.47 0.06 £0.13
IL-10 0.13+0.44 0.05+0.13
*p<0.05

IL-1B: Interleukin-1B; IL-4: Interleukin-4; IL-5: Interleukin-5; IL-6: Interleukin-6;
IL-8: Interleukin-8; IL-10: Interleukin-10; TNF-a: Tumor necrosis factor-a, X +
SD: Mean * Standard Deviation
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ing medical examinations. The concentration of 6 PAHs in the
PM, . samples was evaluated to assess the variability of PAHs
exposure of selected residents in the HP and nHP periods. Three
samples per season were collected in each location, and all PM
samples were collected for three consecutive days. The results
were compared with the outcomes of BaP concentration mea-
surements carried out in the air quality monitoring station op-
erated by the Chief Inspectorate of Environmental Protection
within the exact location.

PM, . samples were collected on previously conditioned and
weighed quartz fiber filters (QMA, 825 mm, CAT No. 1851-025;
Whatman, GE Healthcare Bio-Sciences Corp.) using GilAir PLUS
aspirators (Gilian, Sensidyne, LP). Before extraction, the pre-
cleaned filter samples were spiked with the surrogate standard
from Cambridge Isotope Laboratories (CIL) and sonicated with
20 mL of dichloromethane from Sigma-Aldrich (HPLC purity).

All samples were analyzed using a Shimadzu gas chromato-
graph coupled to a mass spectrometer (GCMS-2010 Plus) and
processed using the Shimadzu GCMS solution software. A ZB-
5MS capillary column (30 m x 0.25 mm i.d. with a 0.25 um film
thickness) was used for chromatographic separation. Ultrahigh-
purity helium at a flow rate of 1.5 mL/min was used as the car-
rier gas. Mass selective detection was conducted in the electron
impact mode. In the test, the samples of six PAHs congeners on
the US EPA list were determined.

Statistical Analyses

Before the modeling process, the repositories were com-
bined on the basis of the common time domain, and the data
were aggregated into months using averages and sums. The
strength and direction of the correlation were assessed using
the Spearman or Pearson correlation coefficient, depending on
the measurement scale of the variables. The Analysis of Vari-
ance (ANOVA) model was also used to assess the impact of
weak-scale variables on the measurements in the strong mea-
surement scale. Complementary Generalized Regression Mod-
els (GRM) were applied for selected variables on a strong scale
to identify the influence of significant independent factors on
any measurement scale. For all calculation results, the level p <
0.05 was considered significant.

Results and Discussion

The mean values and percentages of all PFT parameters were
generally within the normal range; however, a non-significant
decline in HS compared with nHS was observed. The results are
presented in Table 1.

Serum cytokine concentration has also been higher in the HS
compared to the nHS, but only in the case of TNF-a, IL-4, and
IL-6 has the difference being statistically significant. The out-
comes are presented in Table 2.

While analyzing PAHs, higher values in the HS compared to
the nHS have been reported, but a significant difference has
been noted exclusively for pyrene. The results are included in
Table 3.

Correlation analysis of the results of PFT parameters and cy-
tokine levels revealed a weak association between FEV, and the
levels of IL-8 (r=-0.29), PEF, and IL-8 (r=-0.27), between MEF
and IL-4 (r=-0.26) and IL-6 (r=-0.28), respectively and MEF, and
IL-6 (r=-0.21) in the HS. No significant correlation was found
during nHS. A strong correlation was observed between incre-
asing concentrations of PAHs (Anthracene, Phenanthrene, Py-

rene, Acenaphthene, and Fluorene in particular), PFT parame-
ters, and proinflammatory cytokines. The results are included
in Table 4.

The relationship between FVC and MEF, (r=0.83), MEF_,
(r=0,75 ) and MEF_, (r= 0,77) in HS and with MEF_, (r=0.60),
MEF,, (r=0.62) and MEF_ (r=0.73) in nHS has been noticed.
A relationship between the FEV, values with MEF,, (r=0.62),
MEF,, (r=0.76), and MEF_, (r=0.88) in the HS, as well as with
MEF,, (r=0.78), MEF_, (r=0.76) and MEF_, (r=0.96) in nHS has
also been observed in a similar manner.

Air pollution remarkably impacts human health, increasing
morbidity and mortality [28]. Short-term exposure to elevated
concentrations of PMZ/S, or PAHs, has adverse health effects.
It increases the risk of some clinical or subclinical symptom:s,
such as cough, conjunctival irritation, myocardial infarction,
and stroke occurrence [29]. In the literature, there are reports
on the short- and long-term effects of AP and PAHs on respira-
tory function, particularly in children and adults with bronchial
asthma or COPD [4,5]. There is less information about their po-
tential influence and consequences on healthy individuals [30].
The Framingham Heart Study revealed the impact of short-term
exposure to a relatively low PM, ,, NO,, and O, concentrations
in 3,262 healthy subjects on their LFT, expressed as a lowered
FEV, that normalized after 48 hours [13]. Research conducted
in two urban areas in northern France (Lille and Dunkirk) in
healthy, nonsmoking adults exposed to short-term moderate
NO2 concentrations has shown associated with lower values
of FEV./FVC, FEF,. . %, and FEF_ %, whereas exposure to PM_,
resulted in decreased FEF_.% values. This indicates the broad-
ened knowledge about the harmful impact of AP on the LFT,
even in healthy subjects [30]. Similarly, our study was conduct-
ed among healthy individuals on LFT and cytokine concentra-
tions during excessive exposure to AP. No significant correlation
Table 3: Polycyclic aromatic hydrocarbons (PAHs) concentrations in
heating and non-heating season.

Season
PAHS Heating seasons ‘ Non heating seasons
X £SD (ng/m?)

Anthracene 25.87+53.32 17.74+44.21
Phenanthrene 5.02+8.47 3.94+5.53
Pyrene 195.56+402.78* 130.124303.37
Acenaphthene 17.76%53.96 19.90460.87
Fluorene 6.88+24.94 5.20£11.36
Naphtalene 15.30+53.19 12.26+28.82

*p<0.05, X + SD - Mean + Standard Deviation
Table 4: Correlation between polycyclic aromatic hydrocarbons, pul-
monary function test parameters and serum cytokine concentration.

PAH Spirometric parameters Cytokines
s

FEV, FEV,% MEF, MEF  IL-4 IL-5 IL-6 IL-8 TNF-
Anthracene -0.77 -0.49 -046 058 080  ns 0.75 0.80 0.78
Phenan-

-0.71 ns -0.34 | -048 | 0.77 | ns 1 0.68 0.78 | 0.78
threne
Pyrene -0.85 -0.63  -0.60 -0.71 ns | 0.85 0.84 0.84 0.81
Acenaph-

-0.73  -0.65  -0.62 -0.69 0.67 ns |0.74 0.66 0.60
thene
Fluorene -0.64 ns ns -0.67 | 0.73 | ns | 0.60 0.74| 0.76
Naphtalene ns ns ns ns ns 0.72 ns | ns ns

*p<0.05, ns-non significant

PAHs: Polycyclic Aromatic Hydrocarbons; FEV,: Forced Expiratory Volume in
the first second of expiration; FEV,%: Percentage of Predicted value of for-

ced expiratory volume in the first second of expiration; MEF,.: Midexpiratory
Flow at 25% of vital capacity; MEF, : Midexpiratory Flow at 50% of vital capaci-
ty; IL-4: Interleukin-4; IL-5: Interleu‘i(in—S; IL-6: Interleukin-6; IL-8: Interleukin-8;
TNF-o: Tumor necrosis factor-a.
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was found between the PAH level and the FVC value, whereas
such correlation has been discovered in relation to FEV,, FEV %,
MEF,,, and MEF, . These findings suggest the possibility of air-
way bronchoconstriction, which may be related to the increase
in HS exposure. MMEF provides a complete description of
maximum flow and includes the region beyond the first sec-
ond where the lungs are less inflated. This results in progres-
sive bronchial narrowing as lung volume decreases [31]. MEF
and MEF_ are the flows where one-quarter and one-half of FVC
remain to be exhaled. It corresponds to FEV, at 25% and 50%
of FEF and correlates highly with MMEF. Therefore, MEF,_ and
MEF,  may indicate obstruction of the small airways and may be
suggestive of early small airway disease [31,32]. Thus, it is be-
lieved that due to MEF's great daily volatility, the interpretation
of the results is of limited usefulness; they are the most reliable
with normal values of FVC [33]. In the study subjects, the FVC
values remained within the normal range during both HS and
nHS, and spirometry was performed with the use of the same
device and at the same daytime (between 8 and 11 a.m.), which
allows excluding daily volatility of LFT. In addition, remarkable
correlations between FVC, FEV,, and MEF,, __, both in HS and
nHS, have been identified, confirming the connection between
MEF and FVC. Therefore, a demonstration that the same PAHs
and MEF correlate constitutes a crucial value of this study. Most
publications have yet to analyze MEF as an essential index of
small airway function. However, they have concentrated chiefly
on measuring FEV,, FVC, and FEVl/FVC in healthy individuals
and those with lung diseases [11,13,34-36]. Zhang et al. have
held that PM influences more adversely MEF values compared
to FEV, and FVC - an increase in PM, , level by five ug/m?3 has
been associated with a decline of MEF by 1.65% compared to
a decrease in FEV, by 1.46% and in FVC by 1.18% [36]. The au-
thors have suggested that prolonged exposure to PM, . may be
more harmful to small airways. It is a fact that the effects of
short-time exposure to PM on the lungs are weakly expressed
in comparison with long-term or prolonged exposure, which
may additionally confirm the occurrence of breathing distur-
bances as a result of a prolonged or long-term excessive impact
of PM and PAHs. Significant correlations between the analyzed
PAHs and MEF,, MEF_, FEV , and FEV, % in HS explicitly speak
in favor of the negative impact of PAHs on the respiratory sys-
tem and the possibility of development of subclinical breathing
disturbances, which are the result of local inflammatory reac-
tion of the bronchial mucosa. This would be to the outcomes
of an experimental study that has assessed the effects of PM of
air, including 100 pg of PM, ,, collected in the urban area (the
presence of a smelter), rich in metals: cadmium, lead, nickel,
copper, zinc and in non-industrialized area. In the study, the
100 pg PM, . suspensions were instilled through a broncho-
scope into the lungs of 12 healthy volunteers [37]. The air from
the industrial area induced local inflammatory reactions with
a greater number of neutrophils and monocytes and a higher
concentration of IL-6 and TNF-a in the material collected in the
Bronchoalveolar Lavage (BAL). In our study, local inflammation
was not assessed using bronchofiberscopy or BAL. Although the
mechanism of PM—induced health effects is not fully defined,
this persistent inflammatory process may play an important
role. Our study found a higher level of the analyzed cytokines
in HS. This indicates that PAHs, particularly during HS, promote
the development of local inflammation due to the activation of
effector cells and bronchial mucosa cells, which synthesize and
release proinflammatory and anti-inflammatory cytokines, in-
cluding IL-1B, IL-4, IL-6, and IL-8 and IL-10. They contribute to
the worsening of not only spirometry parameters but also the

development of systemic inflammation. In an experimental ex-
amination, it has been shown that AP causes a detectable level
of proinflammatory effect after inhalation exposure [12,35,38].
In the human bronchial epithelial cell (16HBE 140-) line, Hus-
sain et al. have shown an increased IL-6 and TNF-a concentra-
tion after inhaling carbon black particles [39].

The literature provides the correlation between the PAH
metabolites found in the urine and PFT parameters. Cakmak
et al. have shown a correlation between Hydroxyphenantrene,
Hydroxypyrene, Hydroxyfluorene, and FEV,, FVC, and FEVl/FVC
in the group of 3,531 individuals [40]. Similarly, Zhou Y et al., in
a group of 2,747 subjects from the Chinese population, dem-
onstrated a significant correlation between the level of specific
PAH metabolites grouped in classes and lowered values of FVC
and FEV, [41]. Additional attention has been paid to the fact
that more significant effects were reported for the sum of the
compound classes. Wang et al. and Nethery et al.,, who have
analyzed specific PAH metabolites, have shown that there was
not only a correlation between their level and FVC and FEV, but
also FEF,, _, in particular in the case of 1-hydroxyphenantrene
and 1-hydroxypirene [42,43]. Therefore, it has also been con-
firmed by our study, as both compounds are the metabolites of
phenanthrene and pyrene, which have strongly correlated with
individual spirometric parameters. As mentioned at the begin-
ning of the paper, one of the study's objectives was to assess
the possible impact of AP on the development of allergic re-
sponses. Therefore, all study participants had allergen-specific
IgE determined for the 20 most frequent inhalant allergens. In
10 subjects, a positive result in classes 1 and 2 (very low and
moderate value of antibodies) has been found, in particular
in terms of seasonal allergens such as birch, alder, and hazel,
which speaks in favor of the presence of subclinical (asymptom-
atic) allergy. The tests have been done once, only in the HS, as
we had not seen the need to repeat them - the results would be
identical. In most cases, allergen-specific IgE has confirmed the
allergy diagnosis to inhalant allergens. In some cases, a positive
allergy test does not correlate with the severity of symptoms
but predicts the likelihood that the specific allergen is respon-
sible for reported symptoms. Study subjects declared no symp-
toms of allergy in the respiratory tract thus, it is now difficult to
unequivocally determine whether their allergy was subclinical
or whether the results of allergen-specific IgE could be influ-
enced (which may be likely) by the prolonged-term stimulation
of PAHs in the ambient air. Mazzarella et al., in their experimen-
tal studies, have shown that PAHs contained in diesel exhaust
particles by depositing on the surface of epithelial cells, easily
penetrate the cell, bind to a cytosolic receptor, and then affect
the cell growth, differentiation, and stimulation of the cell nu-
clei to morphological modification, with subsequent synthesis
and secretion of cytokines, including IL-6 and IL-8 [44]. It is im-
plicitly supposed that PAH promotes the synthesis and secre-
tion of IL-4. Therefore, this question may be answered with
caution, i.e., PAH may directly influence IL-4, which, in turn, as
is known, is a significant factor inducing synthesis and secre-
tion of the immunoglobulin E by B lymphocytes. As has been
shown by Churg et al., Diesel Exhaust Particles (DEP) induce a
Th2-mediated immune response by suppressing the expres-
sion of IL-12 and increasing IL-10 secretion in antigen-specific
cells [45]. Kobayashi et al. have determined that PAHs cause
symptoms of nasal mucosal hyperresponsiveness in guinea pigs
[46]. Hence, the strong correlation between most PAHs and IL-4
concentration in the HS observed in our study may additionally
indicate its remarkable contribution to allergy development. It
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may take place in the small bronchi, which is supported by a not
very strong but significant correlation between IL-4 and MEF.
In Polish studies, it has been shown that about 20% of persons
with positive Skin Pprick Test (SPT) results had no clinical aller-
gic symptoms. In another research, this proportion was even
higher and reached 25% [47].

Consequently, when we assume that nearly half of the Polish
population may be SPT positive, the fact of finding (in our study
that has been carried out in a relatively small group of 73 indi-
viduals) positive results of Al sIgE in 13.6% of the subjects, may
reflect the natural distribution of allergy symptoms in the Polish
society. It may result from prolonged exposure to the air con-
taining PAHs [45]. Accordingly, it may induce a Th2-dependent
reaction and stimulate the overproduction of IgE against com-
mon allergens in the environment [48].

The available literature has yet to provide much information
concerning such correlations. Fluoris et al. have shown that
even brief secondhand smoke exposure generates unfavorable
changes in the immune mechanism, upregulation of growth
factor synthesis, and the production of type 1 procollagen in
the small airways [49]. Therefore, PAH inhalation can elicit dif-
ferent breathing patterns, transitional cough reflexes, and tran-
sient bronchoconstriction through activation of vagal afferents.
Other tests using cigarette smoke and DEP have suggested that
it may induce profibrotic growth factor production in the small
airway walls through an oxidant mechanism and cause their fi-
brosis and thickening, particularly in the subepithelial compart-
ment, and, in consequence, lead to airway remodeling [44,45].

Conclusion

This publication has some limitations. This was a one-year
and one-center observational preliminary study performed in
HS and nHS patients on a relatively small number of healthy in-
dividuals. Despite the small number of participants, this study
should be continued and include studies conducted over 5 and
10 years. Therefore, based on the research carried out so far,
the following conclusions can be drawn: -one-year prolonged
exposure to elevated concentrations of PAHs and breathing the
air containing some PAHs by healthy people, especially during
HS, have, to some extent, a negative impact on LFT and may in-
duce the development of local and systemic inflammatory pro-
cesses in the lower airways and may probably promote the oc-
currence of allergy.
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