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Abstract: Airport activity causes the emission of particulate matter and noise, two environmental
contaminants and potential health hazards, particularly for the personnel operating nearby taxiways.
We explored the association between exposure to fine/ultrafine particles (UFPs) and noise with heart
rate variability (HRV), an early indicator of cardiovascular autonomic response, among a sample of
airport ground staff. Between May and June 2018, thirty-four male operators (mean age = 43 years
and SD = 6.7) underwent personal monitoring of exposure to nanoparticles and noise, and HRV
during their work activity. We conducted univariate and multivariate analysis to test the effect of UFP
and noise exposure HRV. Total Lung Deposition Surface Area (LDSA) was significantly associated
with a decrease in HRV Total Power and Triangular index (β = −0.038 p = 0.016 and β = −7.8 × 10−5,
p = 0.042, respectively). Noise peak level showed an opposite effect, which was significant for Total
Power (β = 153.03, p = 0.027), and for Triangular index (β = 0.362, p = 0.035). Further investigation
is warranted to clarify the effect of the concurrent exposure to UFPs and noise on early changes of
cardiac autonomic regulation.

Keywords: UFP; nanoparticles; noise; HRV; autonomic control; short-term health effect

1. Introduction

Several studies have suggested airports as a potential source of emission of particulate
matter and noise in the surrounding environment [1,2]. Therefore, airport ground staff,
such as firefighters, flight security agents, and aviation fuel’s administration staff (AFS),
might be more severely exposed [1,3].

Particulate matter has been associated with cardiovascular and respiratory effects [4,5],
and with a potential carcinogenic effect for the lung [6]. Nevertheless, it is not clear yet
whether such effects depend upon the specific chemical properties of the particulate matter,
or on the physical properties, such as size, morphology, surface area, and charge, of
inhalable particles [7–9].

Several studies have evaluated the autonomic balance of the cardiovascular system,
in relation to exposure to fine/ultrafine particulate, in both animal [10] and human mod-
els [11,12]. Those studies confirmed a reduction in heart rate variability (HRV).

Int. J. Environ. Res. Public Health 2021, 18, 2507. https://doi.org/10.3390/ijerph18052507 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8310-411X
https://orcid.org/0000-0003-0579-1035
https://orcid.org/0000-0002-7717-0417
https://orcid.org/0000-0001-8256-7614
https://doi.org/10.3390/ijerph18052507
https://doi.org/10.3390/ijerph18052507
https://doi.org/10.3390/ijerph18052507
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18052507
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/18/5/2507?type=check_update&version=3


Int. J. Environ. Res. Public Health 2021, 18, 2507 2 of 10

Long-term exposure to environmental noise is known to affect the cardiovascular
system, by contributing to the development of hypertension, ischemic heart disease, and
stroke [13,14]. Acute exposure, on the other hand, elicits the autonomic nervous system
and endocrine system response, with release of catecholamine and glucocorticoid, resulting
in increasing systolic and diastolic blood pressure, and heart rate [13,15].

Heart rate variability (HRV) is a valid method for measuring the response of the auto-
nomic heart control to noise, through the changes induced in some HRV parameters [16,17].

Environmental noise is a well-known risk factor for the airport ground staff and for the
general population in the airport surroundings [3]. Several studies reported an association
between exposure to noise from air traffic and cardiovascular effects, such as an increased
risk of myocardial infarction and stroke, and of hospitalization for cardiovascular diseases
among subjects living in the surroundings of civil airports [18,19].

Studies on the combined effects of noise and air pollution showed largely indepen-
dent effects, in relation to the different mechanisms by which either exposure can cause
detrimental effects on human health [20–22]. Since both ultrafine particles and noise might
target the cardiovascular system, detecting the early effects on the cardiac autonomic
regulation of the combined exposure would help to clarify whether an additive or synergic
mechanism occurs.

The present study aimed to investigate whether environmental exposure to fine/ultrafine
particulate and noise might affect HRV, as an early indicator of cardiovascular effects. To
match the objective, we did the following: (i) performed personal monitoring of exposure
to ultrafine particles (UFPs) during flight attendance; (ii) assessed personal exposure to
impulsive and continuous noise; (iii) monitored heart rate variability (HRV) during the
working shift; and (iv) evaluated the impact of UFPs and noise exposure on HRV changes.

To the best of our knowledge, the study herein presented is the first exploring potential
early effects on the cardiovascular system, due to the combined exposure to fine/ultrafine
particles and noise in a sample of airport ground staff.

2. Materials and Methods
2.1. Study Design

Between March 16th and May 18th 2018, we conducted a single, simultaneous personal
monitoring of noise and airborne UFPs and HRV lasting no less than two hours, between
7:30 a.m. and 8:00 p.m. during a regular working day in the local airport. Every operational
day, we monitored two or three study subjects.

With the aim of reducing, if possible, any interference with the operational activities,
the monitoring program was planned with one-week intervals, and after consulting the
supervisor for the internal organization and the scheduled airport activities.

The study was conducted as an observational, cross-sectional study on subjects re-
cruited among the ground operating airport personnel, through an in-site recruitment
accorded with supervisors. Study subjects had to be engaged in the following tasks: Air-
craft Ground Staff (AGS), firefighting officer, flight security agent, and aviation fuel’s
attendants (AFA). Participation was on a volunteer basis, following the signature of an
informed consent form about the purpose of the study, prior to interview and the tests
according to the study protocol. The study was conducted in accordance with the Helsinki
Declaration. Subjects suffering from any cardiovascular, endocrine, or neurologic disease
were ineligible for study. Overall, 34 male subjects (mean age = 43; SD = 6.7) were enrolled.

All participants had an electrocardiogram (ECG) at rest and their anthropometric and
lifestyle (date of birth, height and weight, smoking habit, health status, and medicaments
intake) recorded by a trained medical doctor, before undergoing the study protocol, during
the regular working hours. Participants had to wear portable devices to monitor personal
exposure to UFPs and noise, and a Holter ECG device while working. After setup, partici-
pants had to rest in the room for at least 5 min, to register background HRV parameters
before exposure. Each subject received also a diary, for a step-by-step registration of the
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activities performed during the monitoring hours, with the corresponding time of starting
and ending each.

The monitoring phase covered no less than two hours of a regular working day, after
which participants had to return to the room and to rest for no less than 10 min, to register
HRV at the end of the test. Data from the Holter ECG were saved on a dedicated laptop PC
that was set up with the specific acquisition software. Afterwards, memory of the device
was deleted, to allow for the recording of a new ECG.

2.2. Personal Exposure Assessment

The method for measuring noise and personal exposure to UFP was described else-
where [3]. Briefly, noise was recorded using a BSWA Mod. MP201 (BSWA Tech., Beijing,
China) microphone, connected to a Larson Davis PRM 828 (Depew, NY, USA) preamplifier.
Microphone inputs were sent to a Larson Davis Model 820 (Depew, NY, USA) integrating
sound level meter (1 Hz sampling rate). The microphone was placed on the helmet worn
by each operator while working. Before and after each monitoring session, we calibrated
the instruments, using a Larson Davis LD CAL 200 (Depew, NY, USA) device, to ensure
measurement’s accuracy. The data recorded were exported to the NWWin (Noise & Vibra-
tion Works, Vimercate MB, Italy) software, for analysis. The following parameters were
calculated for each participant: 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).

UFP was collected with a Diffusion Size Classifier instrument (DISCmini, Matter
Aerosol, Wohlen, Switzerland). DISCmini is based on the electrical charging of the aerosols
to determine the alveolar Lung Deposited Surface Area (LDSA, µm2/cm3), the average
particle size (nm) in the 10–300 nm range, and the particle count (particles/cm3).

Total LDSA is a parameter of cumulative exposure, and it is calculated with the
following formula:

Total LDSA = mean LDSA × V (1)

LDSA: Lung Deposition Surface Area as µm2/cm3.
V: Sampled volume in liters.
The ECG tracks were recorded for the entire monitoring period using a three channel

(five-lead) digital Cardiette Holter System equipped with the ECG Pilot and giOtto v.7.0.1.26
software.

Raw data on the normal RR interval (NN) were extracted from the archive, by the
software giOtto; converted in a “.data” file; and then analyzed with the Kubios HRV
standard v. 3.1.0 software, applying a medium-intensity filter to eliminate artifacts. The
following HRV parameters were calculated:

- Standard Deviation of normal-to-normal (NN) intervals (SDNN, ms);
- Root Mean Square of successive differences in adjacent NN intervals (RMSSD, ms);
- Triangular index (T-index), corresponding to the integral of the density distribution

divided by its maximum value;
- Very low frequency power (VLF, ms2) in the range 0.003–0.04 Hz;
- Low-frequency power (LF, ms2) in the range 0.04–0.15 Hz;
- High-frequency power (HF, ms2) in the range 0.15–0.40 Hz;
- LF/HF ratio (Ratio LF [ms2]/HF [ms2]);
- Total Power (TP, ms2): variance of NN intervals over the temporal segment, approxi-

mately in a range ≤ 0.4 Hz.

HRV parameters were determined over the first five minutes of registration (back-
ground activity), along the entire monitoring period, and for the last 5 min [23]. If more
than 5% artifacts showed up in the last five minutes of the Holter ECG record, the previous
five-minute segment was used to calculate the final HRV. Heartbeat annotations were
automatically assigned by the software and reviewed by a trained physician. Only normal
sinusal heartbeats were used for calculating the HRV parameters.



Int. J. Environ. Res. Public Health 2021, 18, 2507 4 of 10

2.3. Statistical Analysis

Descriptive statistics of the UFP and noise parameters were presented elsewhere [3].
The normal distribution was checked by the Kolmogorov–Smirnov test and visual in-
spection of the distribution curves. Log-transformed data were used for the following
parameters: concentration, LDSA, total LDSA, VLF power, LF power, HF power, and
Total Power.

The correlation between UFP parameters, noise exposure levels, and HRV parameters
was calculated with the Pearson’s correlation test or the Spearman’s rho, as appropriate for
parametric and non-parametric data, respectively. Background and final HRV parameters
were compared with the t-test for paired data. Final HRV parameters were individually
predicted by linear regression modeling, as a function of the UFP and noise-exposure pa-
rameters, adjusted for age, BMI, smoking habit, and hypertension, as the covariates. Finally,
we tested the interaction effect of UFP and noise exposure by including the interaction
term between total LDSA and Laeq8hr and Lc peak, respectively. Due to an instrument
failure, the HRV was not correctly measured in one study subject, leaving the records of 33
subjects available for analysis.

The analyses were conducted by using SPSS (v. 20, package for Windows, SPSS Inc.,
Chicago, IL, USA). The null hypothesis was rejected when associated with an α-error
of 0.05.

3. Results

Table 1 shows summary statistics of UFP and noise parameters of exposure in the study
participants. The mean UFP concentration was 61 x 103 particles/cm3 (SD = 351,475.20),
while mean Total LDSA was 15.29 mm2 (SD = 23.08). Continuous noise levels did not
exceed 80 dB (79.6 dB and SD of 7.4 for LAeq; 74.1 dB and SD of 7.8 for LAeq8hr), and
mean peak noise levels was 129.3 dB (SD = 4.3).

Table 1. Ultrafine particle (UFP) and noise exposure parameters in the overall sample of 33 participants.

UFP Parameters (N = 33)

UFPs (part/cm3) Size (nm) LDSA (m2/cm3) Dose LDSA (mm2)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

61,443.30 55.77 109.46 15.29
(351,475.20) (25.63) (506.38) (23.08)

Noise Parameters (N = 33)

LAeq (dB) LAeq8hr (dB) Lc peak (dB)
Mean (SD) Mean (SD) Mean (SD)

79.606 74.112 129.773
(7.378) (7.831) (4.328)

LDSA, Lung Deposition Surface Area; LAeq, A-weighted noise exposure level; LAeq8hr, A-weighted noise
exposure level normalized to an 8 h working day.

Table 2 shows baseline and final HRV parameters. SDNN (p = 0.001), RMSSD
(p < 0.001), and HF power (p = 0.049) were significantly decreased at the end of the
sampling period, while VLF power showed a significant increase (p = 0.047).

There was a significant correlation between the HRV T-index and exposure to continu-
ous (Pearson’s correlation coefficient r = 0.382; p = 0.031) and impulsive noise (r = 0.403;
p = 0.022), but not with UFP exposure levels (Table 3). HRV Total Power was significantly
correlated with impulsive noise (r = 0.366; p = 0.039) and age (r = 0.359; p = 0.040), but not
with continuous noise level (r = 0.265; p = 0.143). HRV Triangular index was significantly
correlated with age (r = 0.348; p = 0.047) and BMI (r = 0.388; p = 0.026), but not with
continuous or impulsive noise nor UFP exposure.
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Table 2. Heart rate variability (HRV) parameters (mean, SD, and range) for basal and final time of sampling and t-test
results for paired data between basal and final time sampling.

HRV
Measures

Basal Final t-Test

Mean SD Range Mean SD Range p

SDNN 58.85 17.72 90.60–26.20 48.15 17.09 19.70–86.30 0.001

RMSSD 59.22 59.22 18.50–107.5 43.22 19.36 13.90–92.20 0.000

T-Index 10.80 3.32 5.44–18.10 10.83 3.69 3.90–17.32 0.957

VLF ms2 165.1 129.4 18.00–465.0 234.49 230.0 14.00–852.0 0.047

LF ms2 1420.4 1103.7 344.0–4903.0 1409.88 1002.0 157.0–4660.0 0.955

HF ms2 846.0 809.9 40.00–3465.0 546.76 644.7 29.00–3193.0 0.049

LF/HF 3.46 4.58 0.37–24.61 4.43 3.30 0.45–14.35 0.265

TP ms2 2435.73 1703.77 540.0–6451.0 2194.58 1584.14 218.00–7010.00 0.405

SDNN, Standard Deviation of normal-to-normal; RMSSD, Root Mean Square of successive differences; VLF ms2, very low frequency power;
LF ms2, low-frequency power; HF, ms2, high-frequency power; TP, Total Power.

UFP parameters showed a significant correlation with continuous noise parameters
(r = 0.367, p = 0.039; r = 0.425, p = 0.015; r = 0.410, p = 0.022; for UFP concentration, LDSA,
and Total LDSA, respectively), but not with impulsive noise parameters. Laeq8hr and Lc
peak values were strongly correlated (r = 0.561; p = 0.001) (Table 3).

The multivariate linear regression model predicting HRV parameters showed a sig-
nificant effect of Total LDSA (β = −0.038, p = 0.016) and HRV T-index (β = −7.8 × 10−5,
p = 0.042) on reducing HRV Total Power, and of Lc Peak on increasing both (Lc Peak:
β = 153.03, p = 0.042 for Total Power; Lc Peak: β = 0.362, p = 0.035 for Triangular in-
dex). (Table 4). Age was also a significant predictor for a decrease in HRV Total Power
(β = −92.95 p = 0.024), and marginally so for a decrease in T index (β = −0.187, p = 0.062).
The multivariate analysis did not reveal any significant effect of UFP and noise on the
SDNN, RMSSD, VLF, LF, HF, and LF/HF HRV parameters (data not shown).

Table 4 shows results of the best-fit models, including all noise and UFP parameters;
using only one, namely total LDSA for UFP and Lc peak for noise, resulted in a substantial
reduction in the R2 value, from R2 = 0.476 to 0.292 for HRV Total Power, and from R2 = 0.512
to 0.443 for HRV T index (not shown in the Tables). Including the interaction terms between
LDSA and Lc peak did not reduce the residual variance of the regression model predicting
HRV Total Power and Triangular index. Only the noise parameter and age confirmed
their effect, suggesting that the effect of UFP exposure in this working population was
confounded by concurrent exposure to noise.
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Table 3. Correlation matrix between parameters of exposure to UFP and noise, HRV parameters, and individual characteristics.

Age BMI UFP Concen-
tration

UFP
Size LDSA Total

LDSA LAeq8hr Lc Peak SDNN RMSSD T-Index VLF
Power

LF
Power

HF
Power TP

Age 1 0.254 −0.040 −0.099 −0.027 0.014 0.014 0.048 −0.313 −0.173 −0.348 * −0.347 * −0.338 −0.298 −0.359 *

BMI 1 −0.225 −0.019 −0.252 −0.251 −0.493 ** −0.295 −0.288 −0.241 −0.388 * −0.136 −0.174 −0.321 −0.230

UFP
Concentration 1 −0.013 0.516 ** 0.948 ** 0.367 * 0.249 0.048 0.048 0.066 −0.004 0.011 0.049 0.002

UFP Size 1 0.043 −0.127 0.240 0.137 −0.037 −0.135 −0.006 −0.027 0.013 −0.159 0.000

LDSA 1 0.486 ** 0.425 * 0.203 0.180 0.173 0.209 0.180 0.077 0.100 0.100

Total LDSA 1 0.410 * 0.396 * 0.112 0.117 0.110 0.011 −0.003 0.120 0.032

LAeq8hr 1 0.561 ** 0.307 0.230 0.382 * 0.236 0.208 0.242 0.265

Lc Peak 1 0.325 0.293 0.403 * 0.332 0.323 0.308 0.366 *

SDNN 1 0.902 ** 0.903 ** 0.634 ** 0.767 ** 0.922 ** 0.892 **

RMSSD 1 0.730 ** 0.443 ** 0.505 ** 0.911 ** 0.695 **

T-Index 1 0.664 ** 0.836 ** 0.817 ** 0.903 **

VLF Power 1 0.723 ** 0.529 ** 0.759 **

LF Power 1 0.681 ** 0.957 **

HF Power 1 0.843 **

TP 1

Note. * p < 0.05; ** p < 0.01.
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Table 4. Multiple linear regression model to predict HRV Total Power and HRV Triangular index
(T-index) as a function of UFP and noise exposure parameters, and of personal and lifestyle covariates.

HRV Total Power HRV T Index

Predictors β (se) p β (se) p

Constant −17795.8 (8627.2) 0.053 −34.652 (21.50) 0.122
UFP Concentration 0.229 (0.130) 0.092 0.003 (0.001) 0.418

Size −12.21 (18.16) 0.508 -0.37 (0.045) 0.420
Total LDSA −0.038 (0.014) 0.016 −7.8 × 10−5 (0.00003) 0.042

LAeq8hr 33.17 (39.56) 0.411 0.139 (0.099) 0.172
Lc Peak 153.03 (64.49) 0.027 0.362 (0.161) 0.035

Age −92.95 (38.13) 0.024 −0.187 (0.095) 0.062
BMI 64.73 (92.96) 0.494 −0.40 (0.232) 0.864

Hypertension −439.43 (611.93) 0.481 −1673 (1.525) 0.285
Smoking −1305.9 (836.51) 0.133 −2158 (2.085) 0.312

R2 0.473 0.512

With Interaction Term 1 (Total LDSA × Lc Peak)

Total LDSA × Lc Peak −0.002 (0.007) 0.739 −2.09 × 10−5 (1.7 × 10−5) 0.242
Total LDSA 0.283 (0.953) 0.769 0.003 (0.002) 0.255

Lc Peak 167.66 (78.89) 0.046 0.488 (0.190) 0.019
Age −94.87 (39.37) 0.026 0.204 (0.095) 0.044
R2 0.476 0.545

4. Discussion

The purpose of our study was to test the association of the concurrent exposure to
nanoparticles and noise and early changes in cardiac autonomic regulation, as detected by
continuous monitoring of HRV parameters, during working activity in an airport.

Our findings suggest that impulsive noise may contribute to changes in the autonomic
regulation of the heart immediately after exposure. We could not confirm the short-
term effect of UFP on HRV previously reported in human studies [24–26], and in animal
models [27].

The comparison between background and final HRV parameters showed a significant
decrease for several time domain HRV indicators, such as SDNN and RMSSD, and a
significant shift in frequency domain parameters, with an increase in VLF power and a
decrease of HF power. Vagal activity is the major contributor to the HF component. A
decrease in HF power might depend on a reduction in vagal activity [28].

UFP exposure in our study was higher than in similar studies (mean: 61,443 vs. 11,872
n/cm3), with a much larger Standard Deviation [3,24], as a result of a different exposure
pattern, with short-term peak levels, followed by low background levels. Such an exposure
pattern might account for our observation of lack of independent HRV effects. Besides, we
tested a short-term effect by measuring HRV parameters immediately after UFP exposure,
whilst other studies presented results of long-term HRV measurements, conducted several
hours after UFP exposure [26].

Moreover, specific components of air pollution, besides particle size, might induce
HRV changes. In our study, airport workers were exposed mainly to exhausts from
aviation fuels and diesel vehicles, an exposure scenario quite different from road traffic [29]
or welding [25].

Therefore, different UFP exposure patterns might explain the inconsistent reports,
with some studies showing an association between UFP and changes in the HRV parame-
ters [30–32], and other studies finding the opposite [33], while a clear interaction effect by
UFP and noise, which we did not observe, is still uncertain.

In our study, impulsive noise, but not continuous noise, showed an association with
the HRV Total Power and the Triangular index HRV parameters. This finding is consistent
with previous studies [17] suggesting that different patterns of exposure to noise can differ-
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entially influence the cardiac autonomic control. Indeed, continuous noise exposure might
increase some HRV parameters [34], also when considering co-exposure with UFP [35].

Our results suggest that the effect of exposure to UFP on short-term changes in
HRV parameters among airport ground staff seems to be at least partially explained by
concomitant exposure to impulsive noise.

Some limitations should be considered in interpreting our results. First, the peculiar
exposure pattern, consisting in peak UFP levels on very low background levels, might not
detect possible cumulative exposure effects. Second, our observation was limited to the
exposure time and a short, immediately following, period; prolonging HRV monitoring for
several hours after the end of exposure might have allowed us to observe any medium- and
long-term effects on the autonomic cardiac regulation. Third, the study lacks consideration
of physical activity during the test. However, during the test, study participants were
mainly engaged in driving different vehicles (trucks, tractors, and shuttle buses), which
requires a level of energy expenditure between 2.0 and 2.8 metabolic equivalents of task
(METs), corresponding to a light-intensity activity [36]. Workers involved in moderate-
intensity (3.0–5.9 METs) and vigorous-intensity (≥6 METs) physical activities, such as
baggage handling (6.5–8.0 METs), were not included in the study population. Besides, the
HRV evaluation considered only the last ten minutes of the ECG track, which was recorded
while resting, isolated from external exposure, so to avoid the influence of physical load on
HRV parameters. Nevertheless, further investigation with a physical activity assessment
by means of an accelerometer could provide new insight on this relevant aspect. Finally,
the study design lacks an unexposed reference group, to which HRV changes before and
after the exposure period should be compared. Further investigations should compare
subgroups of increasing exposure level to an unexposed reference group, so to confirm the
putative role of UFP and noise exposure on decreasing or increasing HRV parameters.

5. Conclusions

In conclusion, our study of airport ground staff exposed to mean UFP concentration of
61,000 particles/cm3 and mean impulsive noise of 129 dB, conducted during a work shift,
allowed us to highlight an association between exposure to impulsive noise and changes
in HRV parameters, while concurrent exposure to noise would explain the observed
association with UFP exposure. A decrease in HRV Total Power and Triangular index
associated with impulsive noise exposure supports its influence on short-term cardiac
autonomic control.

Further studies are warranted on monitoring personal exposure and early changes in
cardiovascular control patterns, extended for several hours after exposure, to confirm the
results of the present study.
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