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Abstract: The occupational exposure to airborne fine and ultrafine particles (UFPs) and noise
in aircraft personnel employed in airport taxiway was investigated. Stationary samplings and
multiple personal sampling sites and job tasks were considered. Size distribution, particle number
concentrations, lung dose surface area were measured by personal particle counters and by means of
an electric low pressure impactor (ELPI+TM). Morphological and chemical characterization of UFPs
were performed by transmission and scanning electron microscopy, the latter together with energy
dispersive X-Ray spectroscopy based spatially resolved compositional mapping. A-weighted noise
exposure level A-weighted noise exposure level normalized to an 8 h working day and Peak Sound
C-weighted Pressure Level was calculated for single worker and for homogeneous exposure groups.
Our study provides evidence on the impact of aviation-related emissions on occupational exposure
to ultrafine particles and noise exposure of workers operating in an airport taxiway. Main exposure
peaks are related to pre-flight operations of engine aircrafts. Although exposure to ultrafine particles
and noise appears to not be critical if compared with other occupational scenarios, the coincidence
in time of high peaks of exposure to ultrafine particles and noise suggest that further investigations
are warranted in order to assess possible subclinical and clinical adverse health effects in exposed
workers, especially for cardiovascular apparatus.
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1. Introduction

Several studies have identified civil and military aircraft activity as a potential source of particulate
matter emission near airport zones [1–7]. In particular, it was highlighted that aircraft activity could
contribute to increasing the levels of fine and ultrafine particles (UFPs) in the surrounding environment,
with potential effects on the health of the population in the vicinity of the emission source [8–11].

In the last twenty years the research has focused on the analysis and evaluation of the fine and
ultrafine particulate emissions associated with the airport activity, in particular on aircraft emissions
and on exposure of the population living near airports [8,12]. However, there are a several of gaps
about UFPs emission, on their behaviour in the atmosphere and, in particular, on their possible impact
on the health of the people living next to the airport and working inside the airport [12].

UFPs concentration in the atmosphere can have a strong spatial and temporal variations and
personal sampling can be more accurate than stationary sampling to assess UFPs personal exposure [13].
Recently, some studies have focused on UFPs personal exposure assessment in living and working
environments [14–16]. However, to date there are still few studies about UFPs personal exposure in
the living and working environment [17,18]. To the best of our knowledge, to date only two studies
have evaluated personal exposure to UFPs in airport work environments [2,19].

Particulate matter exposure has been associated to a number of health effects on cardiovascular
and respiratory system [20,21] and a potential carcinogen effect for lung [22]. Nevertheless, it is not
clear yet whether the cardiovascular and respiratory effects are due to the specific chemical composition
of particulate or whether they can depend on a physical mechanism associated to the size, morphology,
surface area and charge of inhalable particles [23–25]. Several studies evaluated the autonomic balance
of cardiovascular system, consequent to fine/ultrafine particulate exposure, both in animal [26] and
human models [27,28]. These studies confirmed an association between ultrafine particulate exposure
and a reduction in some heart rate variability (HRV) indexes. Noise exposure represents an additional
parameter associated to working environments which showed several effects to cardiovascular system.
In particular, long-term exposure to environmental noise affects cardiovascular system and can play
a role in the development of manifest diseases such as hypertension, ischemic heart disease and
stroke [29]. Environmental noise in airport settings represent a well-known risk factor for workers
employed in airport activity and for inhabitants who live nearby airports [30]. Several studies
reported an association between noise exposure generated from aircraft traffic and some effects on
the cardiovascular system, such as an increased risk of cardiovascular diseases (myocardial infarction
and stroke) and an increased risk of hospitalization for cardiovascular diseases for subjects living
in the neighbouring areas of a civil airport [31,32]. Studies of the combined effects of noise and air
pollution showed largely independent effects, which can be explained by different mechanisms of how
both exposures can affect health [33–35]. Since both exposures (to UFPs and noise) can potentially
influence the cardiovascular system, with a mechanism that is not fully clarified [36], studies on
exposure assessment in working environments (such as the airport environment) characterized by the
simultaneous presence of both risk factors, could provide information for the definition of work-based
exposure matrices. To the best of our knowledge, there are not studies about simultaneous exposure
to fine/ultrafine particulate matter and noise in personnel who operate in proximity of the airstrip,
during aircraft passage. Accurately personal exposure assessment to air pollutants remains a significant
challenge to determining their impact on human health [37].

Therefore, the increase in knowledge on simultaneous exposure to UFPs and noise could be useful
for future epidemiological studies aiming at the observation of early biological effects that could clarify
the presence of an additive or a synergistic mechanism of damage of the two risk factors.
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The aim of the study is to assess occupational exposure to fine/ultrafine particulate and noise in
aircraft personnel operating in airport taxiway during standard work activities.

2. Materials and Methods

2.1. Study Design and Sampling Environment

Between 16 March and 18 May 2018, multiple personal noise and fine/ultrafine particles (UFPs)
monitoring has been carried out during an aircraft-training period.

The aircraft-training period was carried out in a small provincial airport in Sardinia, Italy.
The study was conducted within a cohort of workers of the airport, with the following tasks:

Aircraft Ground Equipment personnel (AGE), firefighting officer, flight security agent, aviation fuel’s
administration staff (AFS). The exposure assessment has been performed exclusively via personal or
environmental measurements during standard work activities and during the normal risk assessment
as required by Italian legislation [38]. For this reason, participants were recruited from selected sections
of the airport, through an in-site recruitment accorded with supervisors. Participation at the study was
on volunteer basis and before the beginning of the test. Recruited subjects were informed about the
study procedure and aims. With the aim to maximum reduce possible interferences with operational
activities, samplings were planned at least one week apart and after consulting scheduled airport
activities and internal supervisor organization. A total of 34 subjects were then enrolled and underwent
the test session.

Working days, between 7:30 a.m. and 20:00 p.m., were considered based on the activity during
training campaign of the specific section. Every day of test, two or three monitoring, lasting about
2.30 h, were performed. Two days of UFPs environmental samplings, lasting about 5 h each one,
were also performed nearby the airstrip in the area of firefighting. Workers were asked to record
activity diary (including times) during the sampling.

UFPs and noise data were collected in real time through instruments fitted by participant and
then stored at the end of the working day. The workers wore hearing protection devices but not a
dust mask.

2.2. Personal UFPs Monitoring

Personal collection of particulate matter was done using a Diffusion Size Classifier instrument
(DISCmini, Matter Aerosol, Wohlen, Switzerland). DISCmini is based on unipolar diffusion charging of
the particles to determine the alveolar lung deposited surface area (LDSA) concentration. Additionally,
the DISCmini also allows an estimate of the mean particle size and the particle number concentration.
The instrument’s range is 10–300 nm and accuracy is ±30%, with a flow rate at 1 L/min [39].

Particulates in a range between 0.25 µm and 2.5 µm were collected using a Sioutas Cascade
Impactor (SKC Inc., Pittsburgh, PA, USA). Particle size cut-points are 2.5 µm (stage A), 1.0 µm (stage B),
500 nm (stage C) and 250 nm (stage D) at a 9 L/min flow rate with personal sampler Leland Legacy®

air sampling pump (SKC Inc., Pittsburgh, PA, USA). In the A, B, C and D stages of the device,
Polytetrafluoroethylene (PTFE) membrane filters will be mounted for the subsequent morphological
and chemical analysis of the collected particulate. Tubes attached to air intakes of each instrument
were run along body of participant until the breathing zone.

Based on detected UFPs exposure, the following parameters were calculated:

1. UFPs Concentration (particles/cm3) individual and by homogeneous groups;
2. UFPs Size (nm) individual and by homogeneous groups;
3. Lung Deposition Surface Area (LDSA, µm2/cm3) UFPs concentration individual and by

homogeneous groups;
4. Total dose in term of LDSA (mm2) individual and by homogeneous groups.
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Total dose LDSA represent a parameter of cumulative exposure and was calculated by the
following formula:

Dose LDSA mm2 = (LDSA µm2/cm3 × Vol. cm3)/1.0 × 106

Dose LDSA mm2: The dose in terms of deposited lung surface area particles received by workers;
LDSA µm2/cm3: Mean of lung deposition particles surface area concentration;
Vol.cm3: Mean of total sampled volume on all subjects, corresponding to 143.63 L = 2 h 39 min.

2.3. Environmental UFPs Sampling

UFPs environmental sampling was carried out by means of a Low Pressure Electric Impactor
model ELPI+™ (Electric Low Pressure Impactor—Dekati Ltd., Kangasala, Finland). This device allows
real time detection of the particle’s diameter and number (range diameter 0.006–10 µm). The ELPI+
was connected to an air intake pump with 0.6 m3/h flow rate and a pressure of 40 mbar at the final
stage of the impactor (absolute filter). The number of UFPs was calculated as the sum of the particles
having a central geometric mean diameter (Di) between 10 nm and 314 nm (D50% 6–257 nm), assuming
a density of 1 g/cm3. Detailed descriptions of the ELPI+™ function and its principles of operation
are given in the literature [40]. Data processing has been performed with the ELPI + VI 2.0 software
(Dekati Ltd. Software [41]).

2.4. Noise Exposure Monitoring

Personal noise sampling of continuous and impulsive noise was conducted using a BSWA Mod.
MP201 (Beijing, China) microphone, connected to a Larson Davis PRM 828 preamplifier; microphone
inputs were sent to a Larson Davis Model 820 (Depew, NY, USA) integrating sound level meter (1 Hz
sampling rate).

All data originated from instruments were successively extracted and exported to NWWin
(Noise & Vibration Works) software, for data analysis. Before starting measurement and after
samplings, instruments were calibrated using a Larson Davis LD CAL 200 (Depew, NY, USA), to ensure
measurement’s accuracy.

Microphone for impulse noise was placed on the helmet worn by operators during their activity.
A-weighted noise exposure level (LAeq), A-weighted noise exposure level normalized to an 8 h
working day (LAeq8hr) and Peak Sound C-weighted Pressure Level (LC peak) was calculated for
single participant and for homogeneous exposure groups.

2.5. Particle Morphological and Chemical Analysis

Electron Microscopy techniques were used to investigate the morphology (size, shape,
agglomeration) and the chemical composition of the particulate which was collected on the filters
at the different stages of Sioutas Cascade Impactor. A fresh (i.e., not exposed to UFPs) filter was
also investigated as a reference. In particular, after being removed from the Impactor each filter was
inspected by optical stereomicroscopy and divided into two symmetrical pieces and the two halves
were submitted to both transmission electron microscopy (TEM) and scanning electron microscopy
(SEM) analysis. TEM imaging was used to assess the particle morphology and the corresponding
images were acquired in bright field mode by a Hitachi H-7000 microscope, equipped with a W
thermoionic gun operating at 100 kV and equipped with an AMT DVC (2048 × 2048 pixel) CCD
Camera. Prior to observation, the filters were dipped into water, sonicated and the obtained particle
dispersion was then deposited on a carbon coated (filter A) or holey carbon-coated (filters B–D) copper
grid and let dry at room temperature.

Chemical composition of the particulate was assessed by SEM images. The filters at the different
stages of Sioutas Cascade Impactor were analysed by means of a FEI Teneo microscope operating at a
voltage of 15 kV and a beam current of 1.6 nA, after coating them with a very thin layer (10 nm) of
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amorphous carbon deposited by ion beam sputtering in order to make them electrically conductive
and thus minimize any local charging phenomenon. Energy dispersive X-ray spectrometry (EDX)
mapping (i.e., the spatially-resolved chemical analysis) was performed using an EDAX SDD Octane
PRO EDX silicon drift detector (SDD) and by TEAM data acquisition and elaboration software.

2.6. Statistical Analysis

Analysis were conducted using SPSS (v. 24, package for Windows, SPSS Inc., Chicago, IL,
USA). An α-value of 0.05 indicates statistical significance. Descriptive analysis of UFPs and noise
(central tendency and dispersion) were calculated. Kolmogorov-Smirnov test was used to analyse
sampling distributions. Log transformation of values was performed if the distribution was not
normal. Comparisons between UFPs exposure and noise exposure levels by homogeneous groups
were performed by ANOVA test for parametric data, using Log transformed values when needed.

ANOVA assumption were all respected: all the observations were independent and the
variables of interest were normally distributed, testing the normality with the Kolmogorov Smirnov
test. When the variables were not normally distributed, we considered log-transformed variables,
confirming normality with Kolmogorov Smirnov test. In particular, a not normal distribution was
found for particles number (mean), LDSA (mean) and total LDSA (mean). Then the mean of log
transformed values were calculated for each variable of interest with a not normal distribution and the
Kolmogorov Smirnov was performed to confirm normal distribution. Homogeneity was evaluated by
Levene’s test, confirming that variance are equal between groups for log particles number, mean size,
log. LDSA, log LDSA total and Laeq8hr.

A post hoc test (Tukey’s post hoc test) was performed to investigate differences among groups,
when ANOVA test showed significant differences between mean values.

Correlation between UFPs parameters and noise levels was calculated by Spearman’s rho matrix
for non-parametric data.

3. Results

Thirty-four operators underwent personal monitoring of fine/ultrafine particle and noise,
distributed on 18 days between May and June 2018. In total, over 79 h of monitoring were done.
Only one monitoring data were lost due to malfunctioning equipment during the test.

All subjects were male, with a mean age of over 43 years (ranging from 26 to 55). General data of
the study population are reported in Table 1.

Table 1. General information of the study population and homogeneous groups.

General Population Data Mean SD Range (min–max) N

Age 43.12 6.68 26.00–55.00 34
BMI 25.94 2.71 22.39–32.24 26

Task n. %

AFS 12 35.3
Flight security officer 7 20.6

Firefighting officer 9 26.5
AGE 5 14.7

Occupational Physician 1 2.9

3.1. UFPs Personal Exposure

Exposure levels to UFPs expressed as median, interquartile range (IQR), arithmetic mean
and standard deviation (SD) were calculated for the overall study population and by job task for
homogenous groups. Figure 1 shows median, range and interquartile range of the UFPs number
concentration (part/cm3), LDSA particles concentration (µm2/cm3) and particles size range (nm)
measured in homogenous groups.
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Overall, the median of the UFPs number concentration measured on the 33 operators was between
a minimum of 2.44 × 103 part/cm3 and a maximum of 1.30 × 104 part/cm3 (min–max arithmetic
mean: 3.43 × 103–3.72× 105 part/cm3). The median of LDSA concentration ranged from a minimum
of 8.81 µm2/cm3 to a maximum of 32.22 µm2/cm3 (min–max arithmetic mean: 10.78–695.55 µm2/cm3).
The average size range of particles measured was between a median of 35 nm and 103 nm, respectively
minimum and maximum (min–max arithmetic mean: 35–95 nm).
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Figure 1. Median, range and interquartile range of the ultrafine particles (UFPs) number
concentration (part/cm3), particles size range (nm) and Lung Deposition Surface Area (LDSA) particles
concentration (µm2/cm3).

Figure 2 shows an example of the time variations of ultrafine particle number concentration
(part/cm3) measured during of the personal sampling carried out on an AGE operator during standard
working condition. Furthermore, Figure 2 shows a summary table with the main activities carried out
by worker during the sampling.

Figure 2 shows the high variability of the UFPs number concentration measured during AGE
activities. Maximum peak of UFPs number concentration (9.59 × 106) was measured during support
in taxiing and taking off of the aircraft.

Comparing UFPs concentration, UFPs size and LDSA by means of ANOVA test, as appropriated
using Log transformed variables, results showed a significant difference between groups in term of
mean size range (nm) [p = 0.03] and dose of LDSA (mm2) [p = 0.018] but not for UFPs concentration
(part/cm3) and LDSA concentration (µm2/cm3) [p > 0.5] (Table 2). In particular, flight security
officers were exposed to a particle size range significantly lower than aircraft ground equipment
operators. Furthermore, AFS operators were exposed to a LDSA (mm2) significantly higher than
Firefighting officers.
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Figure 2. Example of one personal sampling of ultrafine particles (part/cm3) measured during standard
working condition.

Table 2. Exposure levels (UFPs concentration, size range, Lung Deposition Surface Area concentration/dose
and total sampling hours) in the overall study population and by homogeneous groups.

Task UFPs (part/cm3)
Mean (SD)

Size (nm) Mean
(SD)

LDSA (µm2/cm3)
Mean (SD)

Dose LDSA (mm2)
Mean (SD)

Sampling Time
Total Hours

Overall population
n. 33

61,443.30
(351,475.20)

55.77
(25.63)

109.46
(506.38)

15.29
(23.08) 77

AFS
n. 12

104,196.41
(475,565.78)

54.33
(24.30)

174.27
(696,09)

25.15**
(24.19) 34.5

Flight security officer
n. 6

27,161.72
(88,071.42)

43.20**
(17.08)

94.49
(358.95)

19.38
(39.47) 11.3

Firefighting officer
n. 9

15,800.54
(54,336.11)

56.89
(19.28)

33.33
(83.17)

4.67**
2.89 19.4

Aircraft Ground Equipment
n. 5

44,451.60
350,412.99

70.36**
(36.28)

58.50
(307.01)

7.91
(4.72) 11.8

ANOVA
F 1.226 3.432 1.023 3.981 NC

p value 0.319 0.03 0.398 0.018 NC

ANOVA test performed using log transformed values. NC = not calculated. ** differences between means are
significant after Tukey’s post hoc test.

Results of environmental samplings of airborne particle are reported in Table 3. Sampling lasted
for about five hours each one and showed similar median values, nevertheless a high dispersion as
indicated by the IQR and SD.

Table 3. Summary data of stationary samplings carried out by ELPI+. Data show median, range
(Min-Max), interquartile range (IQR), mean and standard deviation (SD) of UFPs number concentration.

Sampling Day A B

Sampling Time (hh:mm:ss) 05:39:15 04:57:15
Median 1.02 × 104 1.33 × 104

Min—Max 3.86 × 103 − 5.38 × 104 4.00 × 103 − 2.12 × 105

IQR 8.01 × 103 − 1.36 × 104 1.08 × 104 − 1.50 × 104

Mean (SD) 1.16 × 104 ± 5.36 × 103 1.56 × 104 ±1.49 × 104
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3.2. Particles Morphological and Chemical Analisys

The particles collected on the Sioutas Cascade impactor filters are visible as a scattered dark grey
deposit area on the filter as shown by the optical images acquired by a stereomicroscope and reported
in Figure 3a,b. Morphology and chemical composition of the collected particles was investigated by
TEM and SEM imaging. In particular, SEM direct imaging of the filters shows that the area of the grey
contrast corresponds to particle deposits, as shown in Figure 3c.

Environments 2019, 6, x FOR PEER REVIEW 8 of 15 

 

The particles collected on the Sioutas Cascade impactor filters are visible as a scattered dark 

grey deposit area on the filter as shown by the optical images acquired by a stereomicroscope and 

reported in Figure 3a,b. Morphology and chemical composition of the collected particles was 

investigated by TEM and SEM imaging. In particular, SEM direct imaging of the filters shows that 

the area of the grey contrast corresponds to particle deposits, as shown in Figure 3c. 

 

Figure 3. Optical (a,b) and scanning electron microscope (SEM) (c) images in wide view of the 

particles collected on the impactor filter. The filter is cut in two symmetrical parts which are used for 

SEM and TEM analysis. Scale bars length are: 2mm (a), 500µm (b), 100µm (c). 

Morphological characterization of the particles collected as obtained by TEM observations is 

reported in Figure 4. In particular, TEM representative for the particles collected for each stage 

corresponding to particle size cut-points in the different stages of the impactor are shown clockwise 

and labelled as A, B, C, D, respectively. 

 

Figure 3. Optical (a,b) and scanning electron microscope (SEM) (c) images in wide view of the particles
collected on the impactor filter. The filter is cut in two symmetrical parts which are used for SEM and
TEM analysis. Scale bars length are: 2mm (a), 500µm (b), 100µm (c).

Morphological characterization of the particles collected as obtained by TEM observations is
reported in Figure 4. In particular, TEM representative for the particles collected for each stage
corresponding to particle size cut-points in the different stages of the impactor are shown clockwise
and labelled as A, B, C, D, respectively.

The micrographs show the occurrence of submicron-sized particles with different and irregular
particle morphology. Some morphologies which are encountered at all stages are commonly ascribed
to soot and carbonaceous carbon [42]. Aggregates represent the most common morphology, although
it is not possible to assess whether they are actually representative of the fine particles present in the
sampled atmosphere or whether they formed as a consequence of the sampling procedure or of the
TEM specimen preparation route. Going from particles collected at stage A to stage D some differences
can be noticed. In particular, a decrease both in the average size of the aggregates and of the individual
particles that compose them is observed: while aggregates present at stage A are made out of particles
of few tens of nanometres (~40 nm) and have overall size up to 550 nm, aggregates present at stage D
are made out of particles with size below 10 nm and have overall size up to 120 nm. SEM investigation
was used to investigate the chemical composition of the particulate collected on the filters through EDS
analysis. The EDX spectra show the occurrence of the same elements in the particulate collected at
the different stages and in particular of sodium, potassium, magnesium, calcium, aluminium, carbon,
nitrogen, silicon, oxygen, fluorine, chlorine and sulphur, as shown in Figure 5 for the case of sample
A. Note that EDS analysis of the blank filter used as a reference shows the occurrence of C N and O,
as expected.

Energy filtered images were also collected in order to gain insights on the distribution of the
detected elements within the sample. Figure 5 shows the SEM image of a selected area of sample A and
the corresponding energy filtered images which show in false colours the distribution of the detected
elements. The so obtained elemental maps show that there is a correlation between the distribution of
Na and Cl suggesting the occurrence of sodium chloride particles. The distribution of Mg, Al, Si and
O also show some correlation, suggesting the presence of silico-aluminates. Traces of iron were also
detected in the energy dispersive spectrum but due to the low amount the corresponding distribution
could not be obtained. Overall, no significant difference in chemical composition was observed in the
particles collected at the stages B, C and D, being Na, Cl, Si and O the most abundant elements also in
those cases.
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Figure 4. Transmission electron microscope (TEM) micrographs representative for the particles
collected in the sampling stages labelled as (A–D), respectively and corresponding to decreasing
aerodynamic diameter.
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3.3. Noise Exposure Assessment

A-weighted noise exposure level (LAeq), A-weighted noise exposure level normalized to an 8 h
working day (LAeq8hr) and Peak Sound C-weighted Pressure Level (LC peak) have been calculated
for single participant. LAeq ranged from 63.8 to 93.7 dBA (mean 79.6, SD 7.4), while LAeq8hr ranged
from 54.6 to 91.5 dBA. LC peak maximum level reached 135 dBC (mean 129.7, SD 4.3). Noise exposure
levels by homogeneous group are reported in Table 4. Considering LAeq8hr, the most exposed group
appears to be the Aircraft ground equipment personnel (mean 83.5 dBA, SD 9.28), while the less
exposed was the firefighting officers (mean 69.51, SD 7.42). All subgroups were exposed to pick levels
over 133 dBC, with the maximum pick reached by Aircraft ground equipment (135.1 dBC). Laeq8hr
and LC peak comparisons between task groups by means of ANOVA test and post hoc test showed a
LAeq8hr significantly higher in AGE officers with respect to flight security (Tukey’s post hoc p = 0.023)
and firefighting (Tukey’s post hoc p = 0.005) while did not show significant differences between groups
for LCpeak.

Table 4. Noise exposure levels in the overall study population and stratified by job task. ANOVA test
comparing noise exposure levels by job tasks. NC= not calculated.

Task LAeq Mean SD LAeq8hr Mean SD LCpeak Mean SD LCPeak Max

Overall population
n. 33

79.606
7.378

74.112
7.831

129.773
4.328 135.100

AFS
n. 12

78.70
6.27

74.04
6.43

130.87
4.49 134.30

Flight security officer
n. 7

77.93
3.45

71.56
2.85

128.26
4.04 133.30

Firefighting officer
n. 8

75.56
5.41

69.51
7.42

129.38
3.35 135.10

Aircraft ground equipment
n. 5

88.78
9.61

83.50
9.28

129.16
6.21 134.10

ANOVA test between groups
F NC 4.946 0.561 NC

p value NC 0.007 0.646 NC

Figure 6 shows an example of the time variations of LAeq and LC peak (dB) measured during
of the personal sampling carried out on an AGE operator during standard working condition.
Furthermore, Figure 6 shows a summary table with the main activities carried out by worker during
the sampling.

Spearman’s Rho correlation test between exposure levels (Table 5) to UFP and noise showed an
inverse correlation between UFPs number concentration and particle size range (Rho = −0.603) and a
positive correlation between UFPs number concentration and Dose LDSA (mm2) (Rho = 0.473) and
LDSA median concentration (µm2/cm3) (Rho = 0.745), while no correlation was appreciable with noise
exposure levels. On the other hand, total dose LDSA (mm2) had a good positive correlation with noise
exposure (Rho = 0.505; Rho = 0.395, for Laeq8hr and LC peak respectively), while median LDSA did
not show any significant correlation with Laeq8hr and LC Peak (p > 0.05). Compete matrix correlation
are reported in Table 5.
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sampling carried out on an AGE operator.

Table 5. Spearman’s Rho correlation coefficients between UFPs median concentration (part/cm3),
particle size range (nm), Dose LDSA (mm2), LDSA median concentration (µm2/cm3), LAeq8hr and LC
Peak. * p < 0.05; ** p < 0.01.

Spearman’s Correlation Coefficients Size Range
Mean (nm)

Dose LDSA
(mm2)

LDSA Median
Concentration (µm2/cm3) LAeq8hr LC Peak

UFPs median concentration (part/cm3) −0.603** 0.473** 0.745** 0.036 0.097

Size range mean (nm) 0.070 −0.002 0.204 0.159

Dose LDSA (mm2) 0.598** 0.505** 0.395*

LDSA median concentration (µm2/cm3) 0.260 0.197

LAeq8hr 0.669**

* Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.

4. Discussion

Simultaneous sampling of personal exposure to fine/ultrafine particulate and noise were
performed during standard working activity in an airport environment.

A significant difference in mean size distribution and median Dose LDSA (mm2) between different
job tasks was found: flight security officer had a mean size significantly lower than aircraft ground
equipment and AFS operators were exposed to a LDSA (mm2) significantly higher than Firefighting
officers. These tasks are characterized by a different source of emission: diesel fumes derived from
engines used by flight security officer and Firefighting officers, while AGE personnel are principally
exposed to aircraft fumes. Median UFPs number concentration measured by environmental sampling
were comparable to those measured inside the military airport located downwind to the take-off and
taxiing area, where the median UFP count ranged between 3.7 × 103 and 2.9 × 104 particles/cm3 [1,2].
UFPs peak values are quite comparable to UFPs concentration measured by previous studies in others
airport during taxing, take-off and landing of different aircraft [43–46]. The chemical characterization
has shown a substantially overlapping composition. Chemical composition of the collected particles
was comparable with other studies [47,48]. Cheng et al. [47] showed little metals were present on
particles emitted from military aircraft engines, while most of the materials on the exhaust particles
were carbon and sulphate based. Mazaheri et al. [48] showed that the EDX analysis on particle
emitted by aircraft showed the main elements in the nucleation particles were C, O, S and Cl and the
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particle-induced X-ray emission (PIXE) analysis of the airfield samples was generally in agreement
with the EDX in detecting S, Cl, K, Fe and Si in the particles. Further research is needed to carry out
an analysis focused on the chemical composition of the airborne particulate collected in the different
scenarios exhibited, which could provide further information that would help to identify possible
differences in exposure by source.

Noise exposure assessment showed a LAeq8hr significantly higher in AGE subgroup, with respect
to flight security and firefighting. LAeq8hr by job task exceeded recommended exposure limit (REL)
of 85 dBA only for AGE subgroup. Exposures at or above this level are considered as hazardous [49].
Instead, LC peak showed similar values on several job tasks, below the threshold level of 140 dB for
peak sound pressure level [49].

Spearman’s Rho correlation test between exposure levels (Table 5) to UFPs and noise shows a
weak correlation between Dose LDSA (mm2) LAeq8hr and LC peak which could indicate an exposure
to UFP and noise are in partially contemporary, supported by the absence of correlation with noise
exposure levels and UFP concentration in terms of number and LDSA concentration.

Several studies took into consideration road traffic as a source of UFP [50], highlighting that an
interquartile range increase in UFP levels (18,200 part/cm3) was associated with a significant decrease
in high-frequency power 4 h after the start of cycling. Meier et al. [51] have investigated short-term
health effects related to particle and noise exposure in highway maintenance workers and suggest
that exposure to particles and noise during highway maintenance work might pose a cardiovascular
health risk.

Although further studies are needed in order to investigate more and other job tasks, results can
help to clarify the different exposure scenarios in the airport environment. Through an assessment of
the contribution of the different risk factors or the possible contribution of the different components of
the pollutant, it is possible to provide exposure matrices based on the work. The latter could be useful
for future epidemiological studies aimed at the observation of early biological effects that could clarify
the presence of an additive or a synergistic mechanism of the two risk factors.

5. Conclusions

To the best of our knowledge, this is the first study conducted during standard working activity,
in a real exposure scenario, involving healthy workers exposed simultaneously to UFPs and noise
inside an airport environment. Although exposure to UFPs and noise appears to not be critical when
compared with other occupational scenarios, the coincidence in the timing of high peaks of exposure to
UFPs and noise suggests that further investigations are warranted in order to assess possible subclinical
and clinical adverse health effects in exposed workers, especially for cardiovascular apparatus.
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