CLINICAL MEDICINE

UDC 614.71:546.177]-053.5(438) https://doi.org/10.26641/2307-0404.2019.4.189194
M. Czubaj-Kowal, ASSESSMENT OF THE CONCENTRATION

T. Friediger, OF NITRIC OXIDE IN EXHALED AIR (FENO)

%- é’;’fjo‘lko'i‘s’lsgz‘!”’ IN PRIMARY SCHOOL CHILDREN

Lo ewdahova IN KRAKOW AND RUZOMBERK IN RELATION

TO AIR POLLUTION IN THESE CITIES

Pediatrics Ward of the Stefan Zeromski Specialist Hospital in Krakow

Catholic University in Ruzomberk

Na Skarpie str., 66, Krakow, 31-913, Poland

Biooinenns nediampii cneyianizosarnoi nikapui in. Cmegana Kepomckozeo 6 Kpaxosi
Kamonuyvkuu Yuisepcumem y Pyscombepoyi

Kpaxis, 31-913, Ilonvwa

email: martacz58@gmail.com

Humyeanna: Meouuni nepcnekmusu. 2019. T. 24, M 4. C. 36-43
Cited: Medicni perspektivi. 2019;24(4):36-43

Key words: nitric oxide, FeNO, smog, particulate matter, children, airway inflammation, asthma
Kurouosi ciioBa: oxcuo azsomy, FeNO, cmoe, meepoi uacmunku, 0imu, 3anaieniss OUXanibHUX ULiaxie, acmma
KumoueBvble ciioBa: okcud azoma, FeNO, cmoe, meepovle yacmuysl, Oemu, 60Cnaienue ObIXameibHblX nymell, acmma

Abstract. Assessment of the concentration of nitric oxide in exhaled air (FeNO) in primary school children in
Krakow and Ruzomberk in relation to air pollution in these cities. Czubaj-Kowal M., Friediger T., Polcik-
Jastrzab M., Sokolowski M., Hudakova Z.The measurement of the exhaled nitric oxide (FeNO) is a recognized
biomarker in the detection and monitoring of airway inflammatory infections, this including asthma. Due to its
simplicity, and noninvasiveness, it is more and more widely used in diagnostics of children. Few studies indicate the
relationship between FeNO and atmospheric air pollution. The goal of the following study was the measuring of FeNO
for 8-9 year old children in Krakow and Ruzomberok and relating the results of these measurements to the level of air
pollution in the PM10 and PM2,5 range. 250 children aged 8-9 (125 in Krakow and 125 in Ruzomberok) attending
third grades of primary schools, have constituted the research group. The measurement has been taken in accordance
with the applicable standards with the application of a MediSOFT Belgium analyzer with a disposable head with an
antibacterial filter. The results of the measurements have been referred to the PMI10 and PM2,5 concentration of
particulate matter in the air. Within the group of 125 children participating in the study in Krakow, the FeNO levels
were normal for 104 (83.2%) children and increased for 21 (16.8%) children. During the period of the study, the
average PM10 concentration was 55,7 ug/m’> and PM2,5 was 37.0 ug/m’. As far as the group of 125 children examined
in Ruzomberok, the FeNO levels were correct (5-20 ppb) for 114 (91,2%) children and increased (21-55) for 11 child-
ren (8.8%). During the period of the study, the average PMI10 concentration was 24.1 ug/m’ and PM2,5 was
15.4 ug/m’. As one can see from the comparison, 1.9 times more increased FeNO levels have been recorded in Krakow
than in Ruzomberok (18.6 vs 8.8%), and, within the range of the heavily increased values (>50 ppb), this difference was
as much as 4 times greater (3.2% vs 0.8%). These results correlate with the PM10 and PM2,5 levels in Krakow, which
are respectively 2.3 and 2.4 times higher than those in Ruzomberok.

Pedepar. Oninka koHueHTpanii oxkcuay a3oty B mnoBiTpi, mo Buauxaerbcesd (FeNO), y aiteii Monoamoro
wkineHoro Biky B Kpakosi i Pykombepouni y 3B's3ky i3 3a0pyaHeHHAM mnoBiTpsi B mux micrax. Uyoaii-
KoBaap M., ®pinirep T., Ilonuik-Sctmod M., CoxonoBcbkuiit M., XyaakoBa 3. Bumiproganus oxcuoy azomy
(FeNO), wo euouxaemvcs, € 6UHAHUM OIOMAPKEPOM V BUAGNIEHHI MA MOHIMOPUHEY 3ANANbHUX THEKYIT OuXanbHux
wnAxie, y momy uucii acmmu. 3ae0aKu ce0ili npocmomi i HeiH8A3USHOCMI GiH 6ce wupuie 3Acmoco8yEMbCA 6
Oiaenocmuyi oimeti. Heuucnenni docnioscenns exasyromoe Ha 38’30k mise FeNO i 3abpyouennsm ammocghepnozo
nosimps. Mema yvoeo oocnioxcennsi — eumiprosannss FeNO y dimeu 8-9 poxie y micmax Kpaxie ma Pyscombepox i
3ICMABIeH sl Pe3yIbmamis yux eUMIPIO8aHs 3 pieHem 3abpyonenHs nosimps 6 dianazoni PM10 i PM2,5. Jlocnioxcysany
epyny ckaanu 250 oimeil y siyi 8-9 poxise (125 y Kpaxosi i 125 y Pyscombepoyi), yunie mpemix Kiacié no4amrkosoi
wKonu. Bumiprosanns 0Oyau nposedeHi GIONOBIOHO 00 ICHYIOUYUX CMAHOAPMIE 13 3ACMOCY8AHHAM AHANI3AMOpPA
MediSOFT, Benveis 3 00HOpa306010 HACAOKow 3 anmubaxkmepianvHum Qirtempom. Pezynrbmamu eumiproéanb cmo-
cysanucsa KoHyeHmpayitl meepoux yacmunok y nosimpi PM10 i PM2,5. V epyni 3 125 dimeii, wo b6epymv yuacmo y
Odocnioacenti ¢ Kpakoei, pieni FeNO 0yau nHopmanvuumu 6 104 (83,2%) Oimeii i niosuwenumu 6 21 (16,8%) oumunu.
Ipomsizom nepiody docnioxcenns: cepedns konyenmpayis PM10 cmanosuna 55,7 mxe/m’, a PM2,5 - 37,0 mxe/n’. ¥V
epynu 125 dimetl, ob6cmedicenux y Pyocombepoyi, pisni FeNO oyau 6 nopmi (5-20 200/mnpo) y 114 (91,2%) oimeii i
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niosuwgenumu (21-55) ¢ 11 oimeii (8,8%). [Ipomsazom nepiody docnioxcenus cepeous konyenmpayis PM10 cmanosuna
24,1 mxe/n’, a PM2,5 — 15,4 mxe/s’. Hx 6udno 3 nopisHanus, v Kpakoei 3apeecmposano niosuwjenns pisnie FeNO 6 1,9
pasa 6invwe, Hiox y Pyscombepoyi (18,6 npomu 8,8%), i 6 medwcax cunbHo 36invuienux 3HaveHs (> 50 yacmun na
Minbapo) ya piznuys oyaa 6 4 paszu oinvute (3,2% npomu 0,8%). L[i pezynomamu xopenoioms 3 pigusimu PM10 i PM2,5
6 Kpaxoei, sxi 6ionosiono 6 2,3 i 2,4 pasa suwe, nisxc y Pyscombepoyi.

Air pollution is one of the most serious threats of
the modern world on a global scale. This regards
mainly the countries with a low and medium level of
development, especially large metropolitan areas.

According to UNICEF data from 2016, 300 mil-
lion children all around the world live in areas where
air quality standards are exceeded sixfold [1, 2, 3].

Scientific reports indicate the specific impact of
PM2,5 and PMI10 on the respiratory and cardio-
vascular systems through making changes in the
lung efficiency, respiratory infections and allergic
reactions [4]. They cause lung oxidative stress and
inflammation, which is related to the development of
asthma and COPD. With prolonged exposure, respi-
ratory tract remodeling and chronic inflammation
occur, as well as irreversible structural changes [5].

Due to the developmental period, children are
most exposed to the penetration and concentration of
pollutions in the respiratory tract and to the toxic
effects of their activity. The risk of developing asthma
increases 3 times for children living in large cities with
a significant degree of air pollution [6, 7, 8, 9, 10].

Nitric oxide (NO) is a molecule with a high
biological activity, playing an important part both in
human physiology and pathology. Its effect on the
body depends on the concentration. In low concen-
trations, it regulates homeostasis of the circulatory,
respiratory, and immune systems and conduction of
the nervous system. In high concentrations, it acts
proinflammatory and in a cytotoxic manner directly
or through the active metabolites.

The measurement of FeNO is a relatively new
diagnostic method and its beginning is dated back to
the end of the 20th century. The presence of nitric
oxide in exhaled air was indicated for the first time
by Gustafsson in 1991, and the first guidelines for its
measuring were published in 1999 by the American
Thoracic Society (ATS) [11].

The measurement of the concentration of nitric
oxide in exhaled air (FeNO) is currently a recog-
nized biomarker and quantitative determinant in the
detection and monitoring of respiratory track inflam-
mations, especially eosinophilic inflammation and
asthma. In the recent years, the FeNO measurement
is becoming more and more widely applied in
respiratory system disease diagnosis of children. It is
a modern, simple, noninvasive examination and can
be performed many times for every cooperating
child [12, 13]. Until now, few studies show a

19/ Vol. XX1V'/ 4

relationship between FeNO and atmospheric air
pollution [14,15,16].

The aim of the study was to measure FeNO for 8-
9 year old children, both healthy and with respi-
ratory tract diseases in Krakow and in Ruzomberok.
FeNO measurements were related to the level of
atmospheric air pollution in these cities.

MATERIALS AND METHODS OF RESEARCH

The measurement of nitric oxide concentration in
exhaled air comprised 250 children aged 8-9 years
old, attending third grades of primary schools in
Krakow and Ruzomberok. The research group con-
sisted of 125 pupils of the third grades of primary
schools in Krakow on the 15th, 18th and 22nd of
January 2018 and 125 pupils from 4 primary schools
in Ruzomberok on the 4th and 5th of February 2019.

The study group included both healthy children
and those with respiratory diseases, including
asthma.

The FeNO levels were related to the concen-
tration of PM 10 and PM 2,5 in the atmospheric air.

The analysis comprised the pupils whose parents
had previously given their written consent to con-
duct the study. The parents of all the children had
previously received an information leaflet regarding
the purpose and methodology of the planned mea-
surement and the manner in which the children
should be prepared for the study.

The study has been conducted in accordance with
the standards applicable for FeNO measurements
with the application of the MediSoft Belgium
company analyzer. The children did not eat, drink or
exercise two hours prior to the measurement. Prior
to the examination itself, the children have been
instructed about the manner it is performed in and
were subject to an initial test so as to check the
correctness of the sample. The test was about calmly
inhaling and exhaling through a disposable head
with an antibacterial filter [21].

The FeNO result has been given in ppb values
(parts per billion, number of parts per billion, 10”),
i.e. in a zero-dimensional notation of the ratio of two
values. As in most scientific studies, the limit value
that has been applied, was the norm set for children
on the level of 20 ppb [27]. The values of con-
centration above the accepted norm have been
divided into 3 groups:

Group I NO 21-50 ppb, group II NO 51-99 ppb,
group III NO >99 ppb.
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The degree of air pollution has been obtained
from the Voivodeship Inspectorate  for
Environmental Protection in Krakow
http://monitoring.krakow.pios.gov.pl and from the
0oz Ochrana ovzdusia dolny Liptov
https://www.ovzdusie.sk.

The FeNO measurement results and the cor-
relation with the PM 10 and PM 2,5 levels has been
analyzed separately in both of the cities and
subsequently the analyses have been compared to
one another.

RESULTS AND DISCUSSION
125 children participated in the study in Krakow.
The FeNO concentration range was from 5-125 ppb

2,4%

(16 ppb on average). For 104 children, which con-
stituted 83,2% of the examined population, the FeNo
values were correct and amounted to 5 — 20 ppb. In
21 children, which constituted 16.8% of the studied
population, FeNO wvalues exceeded the accepted
norm and amounted to 21-125 ppb. Among the
increased results in group I (21-50 ppb), 17 measu-
rements were obtained, which constituted 13,6% of
the general population, in the second group (51-
99 ppb) 3 measurements (2,4%) and in the third
group >99ppb, 1 measurement was obtained (0,8%).

All of the FeNO measurement results are shown
in figure 1.

0,8%

O<21ppb 021 50 ppb B51-99ppb =>99 ppb

Fig. 1. The percentage distribution of the values of all FeNO measurements in Krakow

A separate percentage analysis of the increased
FeNO results themselves is as follows: group 1 (21-
50 ppb) — 80,95%; group II (51-99 ppb) - 14,3%;

4,75%

021-50

group III (>99ppb) — 4,75%. The results of the per-
centage distribution of the incorrect FeNo values are
shown in figure 2.

80,95%

0s50-99 u>99

Fig. 2. Percentage distribution of incorrect FeNO values in Krakow
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The air pollution level in Krakow when the
survey has been conducted, i.e. the 15th, 18th and
18th of January 2018 was on average 55,7 [pg/m’]
for PM10 and 37,0 [ug/m’] for PM2,5. The concen-
trations of the suspended particulates on the
examination date in the PMI10 fraction were:

ng/m3

120

100

2210 2910 05.11 121 1911 2611 0312 1.1z

15.01.2018 — 75[pg/m’]; 18.01.2018 — 38[ug/m’];
22.01.2018 — 54[ug/m’], an in the PM2,5 fraction,
these were: 15.01.2018 — 50[pug/m’]; 18.01.2018 —
18[pg/m’]; 22.01.2018 — 43[ug/m’].

The PM10 and PM2,5 concentration levels are
shown in figure 3 and in table 1.

1712 2412 3112 07.01 KN 2101

APMI0D QOPM2LS

Fig. 3. PM10 and PM2,5 concentration levels in Krakow

125 participated in the study in Ruzomberok. The
FeNO concentration range was from 4-55 ppb
(11,9 ppb on average).

For 114 children, which constituted 91,2% of the
examined population, the FeNO values were correct
and amounted to 5-20 ppb. For 11 children, which
constituted 8,8% of the analyzed population, the
FeNO values have exceeded the accepted norm and

amounted to 21-55 ppb. Amongst the increased
results in group I (21-50 ppb), 10 measurements
have been obtained, which constituted 8% of the
general population, 1 measurement has been ob-
tained in group II (51-99 ppb), which constituted
0,8% of the general population, and no measurement
has been obtained in group III (>99 ppb) (Fig. 4).

Table 1

PM10 and PM2,5 concentration levels in Krakow during the days of the study

15.01.18 18.01.18 22.01.18 average
3
PM10 [pg/m | 75 54 55,7
3
PM2,5 [ug/m | 50 43 37,0
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O<21ppb 02150 ppb

H51-99 ppb H>99 pph

Fig. 4. The percentage distribution of the FeNO measurement values in Ruzomberok

A separate percentage analysis of the elevated
FeNo values themselves is as follows:

group [ (21-50 ppb) — 90,9%, group II (51-
99 ppb) — 9,1%, group III (>99 ppb) — no measu-

rement has been obtained. Figure 5 presents the
results of the percentage distribution of incorrect
FeNO values.

021-50

05199

|=99

Fig. S. Percentage distribution of incorrect FeNO values in Ruzomberk

The level of air pollution in Ruzomberok during
the study, i.e. the 4th and 5th of February 2019 was,
on average — 24,1 [ug/m’] for PM10, for PM2,5 —
15,4 [ug/m’]. For the individual days of the testing
of the suspended particulates within the PM10
fraction, these were as follows: 04.02.2019 -
12,5 [ug/m’]; 05.02.2019 — 35,6 [ug/m’]; and as far as
the PM2,5 fraction is concerned, these were as follows:
04.02.2019 — 5,7 [ug/m’]; 05.02.2019 — 25,0 [pg/m’].

The PM 10 and PM 2,5 concentration levels are
shown in figure 6 and in table 2.

40

In the studied population of children in Krakow,
83.2% of pupils had normal FeNO values, while in
16.8% of children FeNO values were raised above
20 ppb. The FeNO results greatly exceeding the
norm, i.e. >50 ppb have been obtained for 3,2% of
the examined children, which constituted 19% of the
group of children with incorrect results. During the
research period, the average air pollution values in
Krakow within the PM10 and PM2,5 fractions were
respectively: 55,7 pg/m’ and 37,0 pg/m’.
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Fig. 6. the PM10 and PM2,5 concentration levels in Ruzomberok

Within the children population examined in
Ruzomberok, the FeNo values were correct for
91,2% of the pupils, and for 8,8% of the children,
the FeNO values were increased above 20 ppb. The
FeNO results greatly exceeding the norm, i.e. >50
ppb have been obtained for 0,8% of the examined
children, which constituted 9,1% amongst the group

of children with the incorrect results. During the
research period, the average air pollution values in
Ruzomberok in the PM10 and PM2,5 fractions were
respectively: 24,1 pg/m’and 15,4 pg/m’.

Figure 7 presents a comparison of the FeNO
measurement results for Krakow vs Ruzomberok.

Table 2

The PM10 and PM2,5 concentration levels during the study

04.02.2019 05.02.2019 Average
3
PM10 [ug/m | 12,5 35,6 24,1
3
PM2,5 [ug/m | 5,7 25,0 15,4

A comparison of the FeNO studies in both of the
cities shows that 1,9 times more of increased FeNo
values>20 ppb have been recorded in Krakow than
in Ruzomberok (18,6% vs 8,8%). This difference is
even more visible when we take into consideration
the greatly increased FeNO >50 ppb results, where 4
times more children have been recorded in Krakow
than in Ruzomberok (3,2% vs 0,8%). When mea-
suring, higher concentrations of suspended parti-
culates in the atmospheric air both in PM10 as well
as in PM2,5 have been recorded in Krakow than in
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Ruzomberok. For PM10, these values were 2,3 times
bigger (55,7 vs 24,1 pg/m’), and 2.4 times bigger for
PM2,5 (37,0 vs 15,4 ug/m3). All of the children with
increased FeNO values have been instructed to visit
specialist pulmonology or allergy clinic so as to
further diagnose for respiratory tract diseases, this
including asthma. For the children who have already
been diagnosed with asthma, for whom increased
FeNO values have been observed, control was
recommended so as to modify the treatment.
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Fig. 7. A comparison of the FeNO measurement results for Krakow vs Ruzomberok
CONCLUSIONS

1. Within the conducted research, 1,9 times
bigger FeNo values have been recorded for the Kra-
kow area children than for those from Ruzomberok
(18,6 vs 8,8%), which correlated to a 2,3 times big-
ger concentration of suspended particulates PM10
and a 2,5 times bigger PM2,5 concentration in Kra-
kow during the research period.

2. The study shows that there is a positive
correlation between nitric oxide concentration in the
exhaled air and the PM10 and PM2,5 suspended
particulates concentration in atmospheric air.

3. The children from the area with a bigger deg-
ree of air pollution had a bigger nitric oxide concen-
tration in the exhaled air.

4. Due to its simplicity and noninvasiveness,
FeNO measurement should be more and more
widely applied in respiratory tract disease diagnostics
for children, especially for those living in areas with a
significant degree of atmospheric air pollution.

5. The FeNO study allowed to identify the
children with the increased values indicating respi-
ratory tract inflammations, and then to include them
in further diagnostics for respiratory tract diseases,
this including asthma.
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