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Abstract: The relationship between exposure to polycyclic aromatic hydrocarbons and nasal symp-

toms currently remains unclear. Therefore, we herein examine this relationship in 51 adults living
ChedethF in Ishikawa prefecture, Japan, and conducted a 2 month follow-up survey on these participants.
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All participants were asked to record daily nasal symptoms in an allergy diary during the study
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period between 1 April to 31 May 2020. We collected air pollutant samples during the study period
and determined the concentrations of PAHs and total suspended particulates by high-performance
liquid chromatography. Sulfur dioxide and nitrogen dioxide concentrations were obtained through

H. Longitudinal Study on the the Atmospheric Environmental Regional Observation System. We used generalized estimating

Association between Ambient equations to analyze the association between pollutant and nasal symptoms. After adjustment for
Polycyclic Aromatic Hydrocarbons confounding factors, the B values of fluoranthene, pyrene, and Benzol[k]fluoranthene were 2.389
and Nasal Symptoms in Adult (p =0.026), 3.744 (p = 0.022) and 9.604 (p = 0.041), respectively, with a one-day lag. In contrast, the B
Japanese. Appl. Sci. 2022, 12, 12544. value of indenol[1,2,3-cd]pyrene was —6.664 (p = 0.013) with no lag. Collectively, these results suggest
https://doi.org/10.3390/ ambient PAHs such as Flt, Pyr, and BKF were associated with nasal symptoms in adults. Further
app122412544 studies are needed to elucidate the mechanisms contributing to the relationships between specific
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iations. With economic development the negative health effects of air pollution are becoming

more severe. According to data reported by the World Health Organization (WHO), 99%
of the world’s population breathes poor-quality air [1]. According to a report in 2019,
air pollution ranked fifth among the global mortality risk factors in 2017 [2]. Therefore,
given the survival pressure brought by the deteriorating air environment, it is crucial to
This article is an open access article  understand the mechanism of pollutant-induced disease, which is of great significance for
distributed under the terms and  preventing disease and reducing the medical burden. As we know, the respiratory system is
conditions of the Creative Commons  susceptible to pollutants [3,4], yet research on the association of pollutants with respiratory
Attribution (CC BY) license (https://  diseases is still lacking. Many of the pollutants we are familiar with, such as particulate

creativecommons.org/licenses /by / matter with aerodynamic diameter less than 2.5 um (PMj; 5), nitrogen dioxide (NO,), and
40/). sulfur dioxide (SO;), have been widely reported to exert adverse health effects [5-9].
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Previous studies revealed a relationship between exposure to air pollution such as PM; 5
and chronic respiratory disease [10], however, limited information is currently available
on the relationship between exposure to polycyclic aromatic hydrocarbons (PAHs) as
constituents of particulate matter (PM) and respiratory symptoms. Rhinitis is a common
respiratory disease, and interestingly, research on its association with air pollution was
inconsistent. A longitudinal study demonstrated that exposure to air pollution was not
associated with rhinitis in adults [11], while another cohort study showed that only NO,
correlated with rhinitis [10]. In a study conducted in Changsha, China, exposure to traffic
air pollution significantly increased the risk of developing allergic rhinitis in the early stages
of life [12]. Furthermore, a European cohort study that focused on adults with rhinitis
revealed the potential of PM; 5 and NO; to increase the severity of rhinitis [13].

Nasal symptoms often occur in patients with rhinitis, whether allergic or nonaller-
gic [14] and include nasal congestion, rhinorrhea and sneezing, etc. Many factors can cause
nasal symptoms [15], and air pollutants are one of them. However, the mechanism by
which air pollutants cause nasal symptoms is unclear. One of the possible explanations is
that due to non-allergic rhinitis and allergic rhinitis being associated with inflammation,
manifested by an increase in inflammatory cells [16], Air pollutants might be a potential
cause of rhinitis because of their role in the onset of inflammation [17,18]. In a study on
children, PM; 5 was shown to be associated with nasal allergic inflammation in children
with allergic asthma, as eosinophils were significantly increased in their nasal lavage after
exposure to PM; 5 [17]. Moreover, after exposure to dose-related NO,, asthmatic patients
had increased eosinophils in their sputum, which may exacerbate their airway inflam-
mation [18]. But studies on whether PAHs are associated with airway inflammation are
still scarce. Although some studies have found that some PAHs may be related to asthma
markers such as Immunoglobulin E (IgE), interleukin (IL)-4 and IL-5 [19], the mechanisms
by which exposure to PAHs affects nasal symptoms in adults currently remain unknown.

Polycyclic aromatic hydrocarbons (PAHs) are mainly produced by incomplete combus-
tion of fossil fuels or biomass, and emissions from industrial metal production and vehicle
exhaust are also sources of PAHs [20]. PAHs have been proved to have a negative effect on
the respiratory system, with one study showing that exposure to PAHs exacerbates chronic
obstructive pulmonary disease [21], and a case-control study demonstrating that elevated
levels of urinary PAH metabolites increase the risk of asthma in adults [22]. However, there
are few reports of PAHs that mentioned an association between PAHs and rhinitis or nasal
symptoms. Although some studies have investigated the association between air pollution
and rhinitis [11-13], these studies did not involve PAHs and their results were inconsistent,
so it is still necessary to investigate the direct effects of PAHs on the nose.

To investigate whether PAHs exacerbate pre-existing respiratory diseases as they are
also potential causes of disease and to clarify the relationship between exposure to PAHs
and nasal symptoms, we conducted a longitudinal study on adult participants with a
chronic cough in Ishikawa prefecture, Japan.

2. Materials and Methods
2.1. Participants

Fifty-three participants were recruited at Nanao hospital, Ishikawa Prefecture, Japan
between 1 April and 31 May 2020. All participants had received appropriate treatment at
the above-mentioned hospitals. Two participants were excluded due to their age (6 and
8 years). All participants lived in Kanazawa city. The measurement site of PAHs and the
observation site of the participants were Kanazawa University Hospital in Kanazawa city,
and the distances between the observation site and the residence of all participants were
no more than 20 km. The screened participants were all adults, and all were older than
30 years. In addition, none of them were smokers and all were diagnosed with at least
bronchial asthma, cough variant asthma, or atopic cough by the physician [23]. Among
these participants, there were hay fever patients. Also, these patients did not suffer from
acute upper respiratory infection and other cardiopulmonary diseases. We collected age,
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height, weight, and body mass index (BMI) data as basic information. Participants gave
their informed consents, and the study was conducted following the principles of the
Declaration of Helsinki of the World Medical Association. The protocol was approved by
the Medical Ethics Committee of Kanazawa University (Project Identification Code: 981).

2.2. Health Surveys

Participants recorded nasal symptoms in their allergy diary every morning, afternoon,
and night from the beginning of the study. Nasal symptoms included the following: 1. nasal
congestion 2. rhinorrhea 3. sneezing. Nasal symptoms were considered to be present if
any of the above symptoms occurred within 24 h. To prevent missing data, participants
were asked to bring their dairies with them when they visited the hospital during the study
period. A physician checked if daily symptoms were missing. Participants returned the
diaries to the hospital at the end of the study period.

2.3. Air Pollutants Measurement

To obtain data on the total suspended particle (TSP) and PAH, we used a high-volume
air sampler (120SL, Kimoto Electric Co., Ltd., Osaka, Japan) equipped with quartz fiber
by filters (PALLFLEX Filter, Tokyo Dylec Corp.) at a flow rate of 1000 L/m?3, located at
Kanazawa University, Ishikawa Prefecture, Japan. After 24 h of collection, the filter was
replaced by a blank filter. The collected filter was kept for at least 24 h in a desiccator to keep
it dry and was then stored at —30 °C before extraction. Approximately 50 cm? of the filter
was cut from the quartz fiber filter and thoroughly cut into small pieces (approximately
1 x 1 cm?) and loaded into a glass flask. An aliquot of the PAH internal standards (Pyr-
d10 and BaP-d12) was added to the flask. A total of 80 mL of ethanol:benzene (v/v 1:4)
was used for PAH extraction by sonication. The extract was washed with 5% NaOH,
20% HSO4 and ultrapure water. The organic phase was evaporated to 100 pL under a
gentle nitrogen flow, then reconstituted with 900 uL of acetonitrile (ACN) and filtered into
vials. High-performance liquid chromatography (HPLC), which coupled with a fluorescent
detector and was utilized with an Inertsil ODS-P16 column (250 x 4.6 mm i.d., 5 um), was
used to calculate the concentration of each PAH, including fluoranthene (Flt), pyrene (Pyr),
benz(a)anthracene (BaA), chrysene (Chr), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene
(BKF), benzo(a)pyrene (BaP), dibenz(a,h)anthracene (DahA), benzo(ghi)peryelene (BghiP)
and indeno[1,2,3-cd]perylene (IcdP). The temperature of the HPLC was set at 20 °C and
the flow rate was 1 mL/min. The limit of detection (LOD) and limit of quantitation (LOQ)
of each PAH by HPLC are shown in Table S1, and all undetectable PAHs concentrations
were regarded as 0. The sum of these PAHs was used as the total PAH concentration. To
make the concentration data obtained more reliable, we used recovery and reproductivity
tests. The recovery test was conducted by spiking the internal standard mixture with
known concentrations on blank and sample filters, then extracting and analyzing using
the method described above. The recovery rate was 110-120%. The reproductivity test
was performed by analyzing the same samples using the same method at two facilities at
Kanazawa University. The reproductivity range was 90-115%. Data on PM; 5, NO,, and
SO, were obtained from the Atmospheric Environmental Regional Observation System:
AEROS provided by the Ministry of the Environment Government of Japan [24].

2.4. Study Period

In our previous study, we found an association between Asian dust and the prevalence
of respiratory disease in adult patients suffering from chronic cough [25]. In previous
studies, April and May were the most frequent periods of Asian dust [25]. Based on the
previous study’s results, we chose April and May as the study period.

2.5. Statistical Analysis

Data on daily nasal symptoms were matched with the daily concentration of air
pollution. Given the possibility of delayed onset of nasal symptoms after exposure to
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air pollutants. lag0 was defined as the occurrence of nasal symptoms on the day of air
pollutant measurement. lagl, lag?, lag3, lag4, and lag5 are the effects after exposure one day,
two days, three days, four days and five days later, respectively. For the goal of finding if
air pollution affects the appearance of nasal symptoms, we used the generalized estimating
equation (GEE) model. To clarify whether air pollution is associated with the appearance
of nasal symptoms and exclude the effects of other air pollutants, all our models were
adjusted for age, sex, BMI, SO,, NO, and PM,5. We introduced each individual PAH
extracted in the laboratory into the model to investigate their respective associations with
nasal symptoms. Considering the different timing of symptoms after exposure to different
PAHs, we analyzed the association between symptoms and exposure in lag0-5. Data were
analyzed using SPSS software program (IBM), version 19.0. The significance of differences
was set at p < 0.05 for all analyses.

3. Results
3.1. Characteristics of Participants and Concentrations of Pollutants

Table 1 shows the descriptive statistics of participants and the concentrations of
pollutants in ambient air. The oldest of the participants was 83 years and the youngest was
30 years. The mean age of all participants was 61.17 £ 12.92, and the mean ages of males
and females were 66 £ 9.22 and 58.59 £ 13.85, respectively. No significant difference was
observed in BMI. The mean BMI of all participants was 24.11 & 5.21, and the mean BMI of
males and females were 23.93 &+ 2.32 and 24.19 & 6.13, respectively.

Table 1. Participant characteristic.

Characteristic Total Male Female
Number 51 16 (31.4%) 35 (68.6%)
Age (SD) 61.17 (12.92) 66 (9.22) 58.89 (13.85)
BMI (SD) 24.11 (5.21) 23.93 (2.32) 24.19 (6.13)
Pollutant Mean =+ SD Minimum Maximum
SO, (ppb) 03+0.5 <1 1
NO; (ppb) 2+1 1 5
PM, 5 (ng/m3) 6.56 & 3.70 1 23
TSP (ug/m3) 23.02 + 12.36 5.46 63.16
Total PAH (ng/m3) 0.26 + 0.15 0.08 0.77

Abbreviations: BMI, body mass index; SO,, Sulfur dioxide; NO,, nitrogen dioxide; PM; 5, particulate matter
with aerodynamic diameter less than 2.5 um; TSP, total suspended particulates; Total PAH, total polycyclic
aromatic hydrocarbon.

The mean concentrations of SO, NO,, and PM; 5 were 0.3 & 0.5 (ppb), 2 £ 1 (ppb), and
6.56 + 3.70 (ng/m?), respectively. According to concentration data collected in Kanazawa
between 2019 and 2020, the annual mean concentration of SO, was <1 ppb and close to
0. During the study period, daily concentrations of SO, and NO, were always below the
2021 standard WHO of 15 and 13 ppb, respectively; however, the 24-h concentrations of
PMj, 5 on 1 and 2 May exceeded the WHO standard of 15 pg/ m? [26]. The concentrations
of these three substances did not change much during the study period.

Figure 1 shows changes in the 24-h concentrations of TSP and total PAH between
1 April and 31 May 2020. There were no missing data during the study period. The mean
concentrations of TSP and total PAH were 23.02 (ug/m?) and (0.26 ng/m?), respectively.

3.2. Relationship between PAHs and Nasal Symptoms

No relationships were observed between nasal symptoms and total PAH, TSP, and
PAHSs. PAHs correlated with nasal symptoms after adjustments for covariates (age, sex,
BMI, SO,, NO,, and PM;5). After adjustment, Flt, Pyr, and BkF showed significantly
positive correlations with B values (the regression slope) of 2.389 [95% Confidence Interval
(CI): 0.281 4.496], 3.744 (95% CI: 0.536, 6.951) and 9.604 (95% CI: 0.403, 18.806), respectively,
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in lagl only. In contrast, the B value of IcdP was significantly negative with a value of
—6.646 (95% CI: —11.914, —1.378) in lag0 (Table 2).
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Figure 1. 24-h concentrations of pollutants.
Table 2. Relationships between PAHs and nasal symptoms.
Parameter B Std. 95% Wald Confidence Interval p
Pollutant Lag File Error Lower Upper
0 —0.559 0.375 —1.295 0.176 0.136
1 0.478 0.245 —0.003 0.959 0.051
Total 2 0.393 0.314 —0.222 1.008 0211
PAH 3 0.039 0.334 —0.615 0.694 0.906
4 —0.253 0.368 —0.974 0.467 0.491
5 0.496 0.349 —0.188 1.180 0.155
0 0.004 0.003 —0.002 0.010 0.168
1 —0.004 0.005 —0.014 0.007 0.465
_— 2 0.005 0.005 —0.005 0.016 0.314
3 0.000 0.004 —0.008 0.009 0.954
4 —0.005 0.003 —0.011 0.002 0.142
5 0.004 0.003 —0.001 0.010 0.096
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Table 2. Cont.

Parameter Std. 95% Wald Confidence Interval p
Pollutant Lag File Error Lower Upper
0 —2.046 1.676 —5.332 1.239 0.222
1 2.389 1.075 0.281 4.496 0.026 *
2 1.791 1.260 —0.678 4.260 0.155
Ht 3 0.104 1.255 —2.356 2.564 0.934
4 —1.341 1.473 —4.227 1.545 0.363
5 2.292 1.295 —0.245 4.830 0.077
0 —3.415 2.404 —8.127 1.296 0.155
1 3.744 1.637 0.536 6.951 0.022 *
Pyr 2 1.543 1.772 —1.930 5.015 0.384
3 1.023 1.754 —2.415 4.460 0.560
4 —2.220 2.131 —6.397 1.958 0.298
5 3.046 1.907 —0.692 6.784 0.110
0 18.107 17.309 —15.818 52.032 0.296
1 —35.436 22.836 —80.194 9.322 0.121
BaA 2 16.288 20.203 —23.310 55.886 0.420
3 —31.473 25.383 —81.222 18.276 0.215
4 7.203 21.077 —34.108 48.513 0.733
5 10.550 17.180 —23.123 44223 0.539
0 —5.217 3.977 —13.011 2.578 0.190
1 5.002 2.570 —0.035 10.039 0.052
2 3.261 3.288 —3.182 9.705 0.321
Chr 3 0.750 3.122 —5.369 6.870 0.810
4 —3.481 3.444 —10.232 3.270 0.312
5 5.404 3.036 —0.546 11.355 0.075
0 —2.768 2.821 —8.297 2.761 0.326
1 1.731 1.645 —1.492 4954 0.293
2 4.656 2.621 —0.482 9.793 0.076
BbF 3 —1.595 2712 —6.911 3.720 0.556
4 —0.694 2.726 —6.038 4.649 0.799
5 3.763 2438 —1.016 8.541 0.123
0 —10.789 7.716 —25911 4.333 0.162
1 9.604 4.695 0.403 18.806 0.041 *
2 7.933 6.370 —4.552 20.418 0.213
BKE 3 0.239 6.989 —13.458 13.937 0.973
4 —3.631 7.783 —18.886 11.624 0.641
5 9.453 6.987 —4.242 23.147 0.176
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Table 2. Cont.

Parameter B Std. 95% Wald Confidence Interval p
Pollutant Lag File Error Lower Upper

0 —6.259 3.695 —13.501 0.982 0.090

1 3.514 3.283 —2.921 9.948 0.285

Bap 2 0.420 3.449 —6.340 7.179 0.903
3 3.364 3.925 —4.329 11.057 0.391

4 —5.315 4193 —13.533 2.903 0.205

5 4.446 4211 —3.807 12.699 0.291

0 22.150 18.589 —14.283 58.583 0.233

1 10.541 18.519 —25.755 46.836 0.569

DahA 2 —7.699 25.640 —57.952 42.554 0.764
3 9.469 27.837 —45.092 64.029 0.734

4 —27.462 28.258 —82.847 27.923 0.331

5 32.113 22.907 —12.784 77.009 0.161

0 —3.927 2.156 —8.152 0.299 0.069

1 2.062 1.781 —1.428 5.553 0.247

BghiP 2 2.369 2.226 —1.995 6.733 0.287
3 0.159 2.377 —4.500 4.818 0.947

4 —0.202 2.525 —5.151 4.747 0.936

5 2.025 2.639 —3.148 7.198 0.443
0 —6.646 2.688 —11.914 —1.378 0.013 *

1 3.255 2.385 —1.420 7.929 0.172

[edP 2 3.105 3.074 —2.920 9.131 0.312
3 0.010 3.250 —6.359 6.380 0.997

4 0.507 3.162 —5.690 6.704 0.873

5 1.325 3.513 —5.559 8.210 0.706

Symbol * in bold are statistically significant (p < 0.05).

3.3. Relationships between Covariates and Nasal Symptoms

After analyzing all models of lag0-5, NO; positively correlated with nasal symptoms
in lag5 only. B values adjusted for covariates (sex, age, BMI, SO,, NO,, and PM,5) are
shown in Table S2. In all models of lag5, NO, was associated with nasal symptoms.
However, no other relationships between covariates and nasal symptoms were observed
in lag5.

In lag0—4, age, sex, BMI, SO;, NO,, and PMj; 5 did not correlate with nasal symptoms.

4. Discussion

The present study demonstrated that exposure to PAHs, even at low levels, was
associated with the onset of nasal symptoms. After adjustment, we found that Flt, Pyr
and BkF were significantly associated with nasal symptoms. To the best of our knowledge,
this is one of only a few longitudinal studies on the relationships between PAHs and nasal
symptoms. The results obtained suggest that specific PAHs cause nasal symptoms.

Although exposure to PAHs has been shown to increase the risk of respiratory or
cardiovascular diseases among adults [27-30], limited information is currently available
on the relationships between PAHs and rhinitis. One study found that prenatal exposure
to PAHs increased the risk of nasal symptoms and cough among children during their



Appl. Sci. 2022,12, 12544

8of11

first year of life [31]. Difficulties are also associated with finding studies that examined the
relationships between nasal symptoms and PAHs. We only found studies on the effects of
specific PAHs on the respiratory system. A cohort study in Wuhan and Zhuhai reported
correlations between lung function and exposure to Flt and Pyr in adults [negatively
correlated with forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV1)] [32].
Anyenda et al. showed that after exposure to PAHs, an increased risk of cough was found
among chronic cough patients in both lag2 and lagé [33,34]. These findings suggest that
PAHs affect the human respiratory system, which is consistent with the present results.
Although the exposure time, exposure level, and population of the present study differed
from those in the studies described above, Flt, Pyr, and BkF all contributed to nasal
symptoms in adults in the present study. According to the present results, some PAHs
appear to be associated with the occurrence of nasal symptoms; however, further studies
are warranted to confirm this.

The exact mechanisms by which inhaled PAHs lead to nasal symptoms remain unclear,
while the adverse effects of PAHs are well known [35-37]. BaP exacerbated nasal congestion
in an animal study [38]. Since the present results showing that BaP did not induce significant
changes in nasal symptoms did not coincide with the findings of the animal study, its
effects on nasal symptoms appear to differ between humans and animals [39,40]. The
underlying mechanisms by which PAHs induce rhinitis may be attributed to allergy and/or
inflammation [30-32]. In a study on children 1-hydroxypyrene, Pyr’s metabolite, was
associated with blood IgE levels [41], which plays an important role in allergic airway
disease [42]. In another study on children, higher levels of PAHs significantly increased
inflammatory cytokines such as IL-10, IL-18 and IL-22 [43]. PAHs may also cause rhinitis
through oxidative stress. Cigarette smoke has been shown to promote the production of
ROS and play a role in the pathogenesis of rhinitis [44,45]. Therefore, further studies are
needed to elucidate the mechanisms contributing to the effects of Flt, Pyr, and BkF on
nasal symptoms.

IcdP also showed an association with nasal symptoms in our results, but it was
negative. This result is contrary to that of an animal experiment in Taiwan, which found
that dose-related exposure to IcdP may increase the risk of allergic airway inflammation
in mice [46]. However, the numbers of eosinophils, lymphocytes and neutrophils did not
increase significantly when they used the lowest dose of 0.4 uM in their study. The different
results may be due to the amount of exposure. Based on our data collected in Kanazawa,
the average daily exposure of participants to IcdP was much less than 0.4 uM. Due to the
lack of studies on the association of IcdP with the respiratory system, further studies are
needed to clarify the reasons for this discrepancy.

We also observed an association between NO,, one of the covariates, and nasal symp-
toms, although this association was only observed for a delay of 5 days. A previous study
demonstrated that no changes in nasal function were observed even in allergic rhinitis
patients after exposure to 400 ppb of NO; for six hours [47], which is consistent with our
results. Our results were also in line with another report of short-term exposure to NO,,
in which no airway inflammation was found in normal subjects, patients with chronic
obstructive pulmonary disease, or patients with asthma [48]. In the previous study, they
observed that PAHs, NO, and SO; are associated with cough, and their effects on the
respiratory system may be delayed [33]. Therefore, our results indicate that NO, may also
require a certain period until a change of nasal function occur.

Our study may be the first longitudinal study targeting the association of specific
PAHs with nasal symptoms among adults. An advantage of our study was the use of daily
concentrations of different PAHs in combination with nasal symptoms, which allowed us
to observe the association of these individual PAHs with nasal symptoms prevalence. In
addition, repeated observation of participants over a two-month period was able to better
reflect the response of the upper respiratory tract to changes in pollutant concentrations.
But there were several limitations that need to be addressed. The number of participants
enrolled in the present study was smaller than in previous studies. Furthermore, even
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though participants were requested to record their daily health status, some diary records
were incomplete. Moreover, we were unable to collect information on the previous medical
history and current health and mental status of participants; therefore, the absence of this
information may have led to inaccurate results. Another limitation is that our participants
were not from urban areas. Although they lived close to where data were collected,
their exposure to pollution was lower than our measurements. Moreover, the pollen was
at a relatively high stage during our study period compared to other months, and we
were not able to collect data on pollen. Likewise, ozone can have adverse effects on the
human respiratory system, but we have no data on it. In further studies, it is necessary to
collect relevant data and take pollen and ozone into consideration as confounding factors.
Nevertheless, the results obtained are meaningful because they showed that even exposure
to low concentrations of air pollutants may cause nasal symptoms, which was not reported
in previous studies. This provides a direction for future research, which will clarify whether
PAHSs with different molecular weights or isomeric PAHs exert different effects on the
human body.

5. Conclusions

In conclusion, our findings suggest that exposure to Flt, Pyr and BKF increases the
incidence of nasal symptoms among patients with respiratory disease, whereas exposure
to IcdP does the opposite. We also observed that NO, may have a delayed effect on
the onset of nasal symptoms. The results we found can provide evidence that PAHs
are potential contributors to nasal symptoms and rhinitis. Further studies are needed to
elucidate the exact mechanisms contributing to the relationships between specific PAHs
and nasal symptoms.
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