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Abstract
It has been proven that outdoor and indoor air pollutants can cause adverse health effects and are able to promote the onset of atopic diseases.
The current manuscript is focused on methodological issues. The aim of the study is to determine the effect of air pollution, urban environment,
and urban heat islands (UHIs) on the occurrence of respiratory diseases including allergic rhinitis, asthma and wheezing in preschool children.
The study group consists of 276 five-year-old children attending randomly selected kindergartens in the urban and rural areas of the Łódź Voivodeship. The questionnaire including data on the child’s state of health and socio-economic data will be filled by the caregivers. The children will undergo
skin prick testing and the measurement of volatile organic compounds in exhaled breath. The key components of air pollution – particulate matter
(PM) will be measured by personal meters. The PM sampling planned in the study will take 12 h for PM2.5 and for PM10 alike. Data on the level of
outdoor air pollution will be collected based on the results obtained from air monitoring stations. The impact of air pollution, UHIs and the environment on the respiratory system and the presence of allergies in children, including chronic respiratory diseases, will be assessed. The project results
will provide a scientific basis for the development of preventive programs in the population of children in the Łódź Voivodeship, adapted to the real
health needs of society. Int J Occup Med Environ Health. 2021;34(4):453 – 60
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INTRODUCTION
The prevalence of allergic diseases over the past few decades has increased rapidly, especially in children and young
adults [1]. The dynamics of this occurrence indicates that
it is the effect of changes in the environment rather
than the influence of genetic factors [2]. It has been proven
that air pollutants, both outdoor and indoor, can cause
health problems and are able to promote the onset of
atopic diseases [2,3].
The World Health Organization (WHO) reported that
global air pollution had risen by 8% in 2008–2013 [4].
The key components of environmental air pollution include particulate matter (PM) concentration, carbon
monoxide, nitrogen oxides, benzene and environmental
tobacco smoke. According to WHO, 92% of the world’s
population is exposed to excessive concentrations of PM
with a diameter of <2.5 μm (PM2.5) referring to WHO’s
Ambient Air Quality Guidelines as regards the annual
mean values [4].
Cohort studies have demonstrated that exposure to increased PM levels (especially PM2.5) has significant consequences for lung function [5–8], and children seem to
be especially susceptible to the damage caused by air pollution. Outdoor PM10 can increase the risk of childhood
asthma, wheezing, rhinitis and eczema among preschool
children [9]. Exposure to PM might result in increased
pulmonary inflammation and respiratory symptoms aggravation due to oxidative stress and, subsequently, airway
hyper-responsiveness and remodeling with the participation of allergic sensitization [10]. Some data indicate that
infants exposed to higher levels of pollutants and sensitized to aeroallergens have a much higher risk of asthma
development compared to non-sensitized peers [11].
Fine PM can also increase the need of rescue medication
in asthmatic children [12]. However, some discrepancies regarding the contribution of pollutant exposure to
asthma development still exist [13], and this topic requires
further examination.
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There is clear evidence that asthma is the most common respiratory chronic disease in children, often characterized by
underlying inflammation [14]. In order to improve the understanding of the pathogenesis of asthma, there is a need
for less invasive methods than bronchoscopy in combination with bronchoalveolar lavage (BAL) to measure airway
inflammation in children [15,16]. The analysis of exhaled
volatile organic compounds (VOCs) in exhaled breath can
enable an assessment of airway inflammation [16–18]. According to recent data, the evaluation of exhaled VOC profiles may help to non-invasively diagnose [19] and monitor
asthma [20–22]. Dutch investigators have suggested that
analyzing VOCs in exhaled breath using gas chromatography – mass spectrometry (GC-MS) could enable differentiating between asthmatic and non-asthmatic children [23].
An assessment of VOC profiles could significantly improve
the diagnostic process of asthma, especially in preschoolage children with preclinical asthma, and separate them
from patients with recurrent but transient wheezing [24,25],
but the clear statement is needed at the early stage.
The urban heat island (UHI) is a well-studied phenomenon, whereby metropolitan areas experience elevated
temperatures, compared to their surrounding suburban
and rural areas, due to human activities [26]. In fact, the
UHI significantly affects the health of people living under
its inﬂuence [26]. Urbanized UHI areas are characterized
by elevated ambient temperatures, increased concentrations of carbon monoxide, carbon dioxide, sulphur dioxide, nitrogen dioxide, as well as increased concentrations
of PM and ozone causing an increase in allergen production. Those factors can alter plant physiology and increase
allergen production [27].
The present study was designed to be conducted on
a group of preschool children from the Łódź Voivodeship.
The aim of the study is to determine the effect of air pollution, urban environment, and UHIs on the occurrence of
respiratory diseases including allergic rhinitis, asthma and
wheezing in preschool children.
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The current manuscript is focused on methodological
issues.
Objectives
The research tasks are listed below:
– an assessment of the child’s exposure to air pollution
by PM sampling using personal meters;
– a differential diagnosis of bronchial asthma and expiratory wheezing by determining VOCs in exhaled
breath;
– an assessment of the incidence of allergic rhinitis, bronchial asthma and expiratory wheezing in the population
of preschool children, using a questionnaire;
– an assessment of the impact of air pollution, UHIs and
the environment (the terrain and demographic data
from a given region of residence); the microbiome of
the upper respiratory tract on the respiratory system;
the presence of allergies in children, including chronic
respiratory diseases, and medications used; the number
of respiratory infections; and the number of hospitalizations.
METHODS
Population
The study group consists of 5-year-old children attending
kindergartens in the urban and rural areas of the city of
Łódź and the Łódź Voivodeship, taking into account areas
with low, medium and high levels of dust pollution and sulphur dioxide (2 kindergartens in each area). In each of these
areas, 2 kindergartens in the city and 2 kindergartens in
the Voivodeship (a total of 12 kindergartens) will be chosen
randomly. Patient recruitment will be conducted until the assumed number is reached in each of the groups (23 children
in the kindergarten), i.e., up to 138 people attending kindergartens in the city and up to 138 people attendingkindergartens in the Voivodeship.
Headmasters of the randomly selected kindergartens will
be asked to give their permission to conduct the study
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in the facilities. Then, the research team will organize
meetings with parents/caregivers in these kindergartens,
during which they will explain the aim and procedures of
the study, collect consent for the children from their parents/caregivers to participate in the study, and the questionnaires to be filled by the parents/caregivers. After
that, a medical doctor and a researcher from the Łódź Regional Park of Science and Technology will visit each kindergarten. This visit will cover: skin prick testing (SPT),
the measurement of VOCs in exhaled breath, an assessment of the microbiome of the upper respiratory tract, as
well as the handover of a backpack containing personal
meters, or more specifically GilAir Plus Basic personal
aspirators, which will measure air pollution. After 24 h,
the backpacks with the equipment will be gathered by
the study staff.
The study was approved by the Ethics Committee of the
Medical University of Lodz (decision No. RNN/390/17/KE).
The participants have the right to withdraw their consent
for further participation in the study at any time. They will
be informed that all the obtained data are used only for
research purposes.
Questionnaire
The questionnaire addressed to the parents/caregivers of
the child will include data on the child’s state of health,
exposure to air pollution, and socio-economic data.
The survey will be developed on the basis of the International Study of Asthma and Allergies in Childhood and
the European Community Respiratory Health Survey.
The questionnaire will be expanded with additional
issues such as: child nutrition, natural feeding, children’s physical activity and living conditions. The second
part of the questionnaire contains questions regarding
the child’s health including information about any doctor-diagnosed allergy and asthma, the severity and frequency of diseases, medications taken and hospitalizations [28].
IJOMEH 2021;34(4)
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Environment assessment
The measurement of air pollution using GilAir Plus Basic
(Clearwater, FL, USA) personal aspirators is planned.
The GilAir Plus Basic personal sampling pump measuring
dust, gases and vapors has the capability of generating and
controlling flow over the range of 20–5000 cc/min in 2 flow
ranges, 20–449 cc/min, and 450–5000 cc/min, which are
selectable using a 2-millimeters or 5/64-inch hex key (provided with the pump). The actual flow is measured and
controlled by the pump’s internal processor. Flow control
is provided directly in the constant flow mode. Pressure
control is provided in the constant pressure control mode,
which controls flow indirectly. During a sampling event,
the flow rate is displayed in the constant flow mode and
back pressure is displayed in the constant pressure mode.
The PM sampling planned in the study will take 12 h
(720 min) for PM2.5 and PM10 alike. The air flow rate used
for sampling will be 3.5 l/min.
The collected dust samples will be analyzed in the Aerosol Laboratory of the Nofer Institute of Occupational
Medicine in Łódź. The filters will be placed in containers with individual identifiers, and then weighed before
and after collecting dust samples to determine the dust
concentration which is calculated as the ratio of the mass
of dust retained in the filter to the volume of the air
passed through the filter. Prior to weighing, clean filters
will be placed in a silica gel desiccator and conditioned
for at least 20 h, and then weighed on the same weight.
A Sartorius R 180 D analytical balance allowing weighing
with a resolution of 0.01 mg, having a calibration certificate issued by an accredited calibration laboratory, will be
used. Each time before weighing, the correctness of balance indications will be checked by means of a mass standard having a calibration certificate issued by the Central
Office of Measures, Poland.
Data on the level of outdoor air pollution will be collected based on the results from air monitoring stations.
The Geographic Information System will be used to link
456
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the information about the place of residence and the attended kindergarten to the data from local air monitoring
stations.
The analysis of the phenomenon of UHIs based on
the spatial structure of the Łódź Voivodeship, taking into
account the children’s residence, spatial data, demographic data and respiratory diseases in children, is planned.
Skin prick testing
Skin prick testing will be performed with the most
common inhalant allergens: Dermatophagoides farinae,
Dermatophagoides pteronyssinus, Alternaria, Cladosporium, cat dander, dog dander, mixed grass pollen, rye, birch,
hazel, ribwort, alder and mugwort, together with a positive (histamine chloride 10 mg/ml) and negative (glycerol)
control (extracts from HAL Allergy, Leiden Bio Science
Park, the Netherlands). A positive SPT reaction is defined
as a mean weal diameter >3 mm in excess of the negative
control, according to the European Academy of Allergy
and Clinical Immunology [29,30].
Assessment of the microbiome
of the upper respiratory tract
Microbiota composition will be assessed in a nasopharyngeal swab. The analysis will be done using the next generation sequencing technique of the 16-second episode
at the Biobank of the University of Lodz.
Assessment of inflammation in respiratory tract
The measurement of VOCs in exhaled breath in each child,
using the GC-MS method in a laboratory in the Łódź Regional Park of Science and Technology will be performed.
Breath samples will be collected in Tedlar® bags and then
transferred to the Tenax TA filled tubes (GERSTEL
GmbH & Co. KG, Mülheim an der Ruhr, Germany) using
a peristaltic pump. After that, the volatiles will be desorbed in the thermal desorption unit (GERSTEL GmbH
& Co. KG, Mülheim an der Ruhr, Germany). The ther-

THE EFFECT OF AIR POLLUTION ON THE RESPIRATORY SYSTEM IN CHILDREN    

mal desorption conditions will be as follows: a temperature program of 20–270°C (5 min) at 60°C/min, helium as
a carrier gas, a flow of 50 ml/min during desorption, and
the splitless mode.
The Cooled Injection System CIS4 (GERSTEL GmbH
& Co. KG, Mülheim an der Ruhr, Germany) injector
conditions will be as follows: the spitless mode, a liner
packed with Tenax TA, and a temperature program of
–30°C during thermal desorption, then increased to 280°C
at a rate of 6°C/s.
The chromatographic conditions will be as follows: a gas
chromatograph (Agilent 7890A, Agilent Technologies, Santa
Clara, CA, USA) equipped with BPX-5 capillary column
(a length of 30 m, an internal diameter of 0.25 mm, a film
thickness of 0.25 μm, Trajan Scientific Australia Pty Ltd,
Ringwood, Victoria, Australia), the GC oven temperature
initially held at 40°C for 5 min, and then increased to 100°C
at a rate of 3°C/min, and then further increased to 250°C
at a rate of 10°C/min, helium as a carrier gas at a flow of
0.8 ml/min, and a transfer line temperature of 280°C.
Mass spectra will be collected using a Pegasus 4D TimeOf-Flight Mass Spectrometer (Leco Corp., St. Joseph,
MI, USA). The settings of the spectrometer are as follows: an ion source temperature of 200°C, ionization
energy of 70 eV, and a scan range of 33–450 atomic mass
units at 50 spectra/s. The obtained mass spectra will be
compared with NIST/EPA/NIH and the Wiley Registry of
Mass Spectral Data mass spectral libraries.
The obtained data will be processed using the Statistical
Compare feature implemented in the ChromaTof software (Leco Corp., St. Joseph, MI, USA).
Power calculation and sample size
The sample size was calculated as a function of the type I
error level and the magnitude of the effect using the z-test
for 2 independent ratios using the statistical package Statistica version 13. The minimum sample size to
reach the stated objectives of the study is 276 children
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in total (138 children in each group – living in the UHI
area and in the Voivodeship).
Statistical analysis
Descriptive analyses encompass both numerical and categorical variables. The numerical traits are depicted by
using arithmetic means (or geometric means, or median
values, if applicable), standard deviation, and standard
error values along with corresponding 95% confidence
limits. The categorical traits are described using absolute
numbers and percentages.
The concentrations of PM10 and PM2.5, to be measured, in
fact, over a 12-hour period, will be averaged on the day of
taking other relevant measurements. A moving average will
then be used in order to qualify all these measurements.
Referring to the study design, actually based on recruiting subjects from different locations, i.e., from several
kindergartens, both from rural and urban areas, multilevel modeling (MLM) will be carried out. In fact, MLM
will be a key concept when taking into account the subsequent statistical test of significance. Going further into
the details, multifactor linear, multifactor binary logistic,
and multifactor ordinal logistic regression models will be
fitted, depending on the nature of the dependent variable
(i.e., respectively, a numerical, dichotomous, or ordinal
one). All the said regression models will be controlled
for the study participants’ demographic characteristics,
domestic conditions, family history, and atmospheric/environmental factors if applicable.
The Pearson product-moment correlation coefficients and
Spearman’s rank correlation coefficients will also be calculated in order to depict some interesting relationships
between the variables.
A level of p < 0.05 will be deemed statistically significant.
RESULTS
The project is innovative because so far no similar research has been carried out in Poland.
IJOMEH 2021;34(4)
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Its results will reveal the occurrence of allergic rhinitis,
bronchial asthma and expiratory wheezing in the population of preschool children, and the impact of outdoor
and indoor air pollution, UHIs and the microbiome of
the upper respiratory tract on the respiratory system as
well as on the presence of allergies. Finally, determining
VOCs in exhaled breath will help to differentiate between
bronchial asthma and expiratory wheezing in the study
participants.
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