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The aim of the study was to determine the patterns of changes in the concentration of mold spores of the genus Alternaria in
the air of Zaporizhzhia city.

Materials and methods. The object of the study was the dynamics of Alternaria spore concentration in the atmospheric air of
Zaporizhzhia city. The study was carried out at the Department of Medical Biology, Parasitology and Genetics of Zaporizhzhia State
Medical University. Samples were taken annually from March 1 to October 31 by volumetric method using a Hirst-type trap. The
device is yearly certified by the state metrological service with certificates. The samples were analyzed using a light microscope at
x400 magnification using the method of vertical transects. The results of the research were processed by applying the Statistica®
for Windows 13.0 licensed software package.

Results. The seasonal dynamics of fungal spores of the genus Alternaria in the atmospheric air of Zaporizhzhia was analyzed
over several years: from 2015 to 2020. The beginning, end and duration of sporulation, maximum values were determined.

Conclusions. Analyzing the average daily (for six years) indicators of the spore number in the air of Zaporizhzhia city, it can be
concluded that their distribution is normal throughout the year, which corresponds to the intensity of spore formation, depending on
changes in meteorological conditions, that is, an almost equally symmetric range from the optimum, which falls on the beginning
of June and is associated with an increase in precipitation in this region. Thus, an average of 17 256 spores/m? were determined
over six years. The maximum number of spores was 680 spores/m? (6.07). The average day fell on July 25, = 37.1. In general,
sporulation lasted 119 days. Peak concentrations were recorded in summer and autumn.

AepomoHiTopuHr cnop rpubie poay Alternaria B noBitpi micra 3anopixoka

K. B. TaBpuneHko, 0. b. Mpuxoabko, B. 0. Asix, T. |. Emeub
MeTta po60TH — BU3Ha4Y€HHsl 3aKOHOMIPHOCTE 3MiH KOHLIEHTpaLii crop rpubis Alternaria B atmocepHoMy NOBITPi M. 3anopiioks.

Marepianu Ta metoau. O6’ekT focnimKeHHs — AnHaMika KOHLEeHTpaLii cnop rpubie pogy Alternaria B aTMocchepHOMY MOBITPI
M. 3anopixoksi. PoboTa BUkoHaHa Ha kadbeapi MeauyHoi Bionorii, napasutonorii Ta reHeTVku 3anopiabkoro AePXaBHOrO MeANYHOTO
yHiBepcuTeTy. Binbip 3paskis 3aiiicHioBanm 3 1 6epesHs 4o 31 )XOBTHS BOMIOMETPUYHUM METOAOM, BUKOPUCTOBYHOUN 06'€MHUI
npo6oBiabipHWK 3a Tunom Xipcta. AHanidysani 3pa3kii 3a JOMOMOrOH0 CBITMOBOrO Mikpockona npw 36inbLueHHi X400, 3acTocoBytoum
METOL 34MTYBAHHS BEPTUKAIbHUX TPAHCEKT.

Pesynitatu. MNpoaHaniayBanu ce3oHHy auHamiky cnop rpubie poay Alternaria B atmocdepHoMy noBiTpi M. 3anopixoks y nepiog
i3 2015 po 2020 poky. BusHavanw noyatok, KiHelb i TpMBanICTb CNOPYnALii, MakcumarbHi 3Ha4eHHS.

BucHoBku. MpoaHanisyBaBLumM cepeaHboL000BI (3a 6 POKiB) MOKa3HMKM PO3MOAIfy KirlbkOCTi Crop Y MOBITPI MicTa 3anopixoks,
3p0oBunn BUCHOBOK NPO HOPMarbHMIA PO3Nogin NpoTsroM poky. Lie Bignosiaae iHTEHCUBHOCTI CMOPOYTBOPEHHS 3aMEXHO Bif 3MiH
METEOPOMOriYHNX YMOB, TOBTO Malike PIBHOCUMETPUYHOTO AianasoHy Big ONTUMYMY, L0 NpUNagae Ha novaTok YepBHs Ta NoB's-
3aHWi 3i 36iNbLLEHHSIM OMagiB Y LiboMy perioHi. 3a 6 pokiB MOHITOPWHTY BU3Ha4MN B cepeaHbomy 17 256 criop/m®. MakcumarbHa
KinbkicTb cnop ctaHoBuna 680 cnop/m® (6.07). CepepHilt aeHb npunas Ha 25 nunus, o = 37,1. 3aranom cnopynsuis Tpusana 119
AHiB. [MiKOBI KOHLEHTPaLi peecTpyBany BiTKy Ta BOCEHN.

The absolute biological risk factors for the emergence of
allergic diseases are fungal spores, which form an important
part of bioaerosols in the atmospheric air [1]. Fungal aller-
gensin 21.2 % of cases are etiological factors of inhalation
allergies, asthma and bronchial diseases. The occurrence
and course of allergies depend on the degree of fungal
spore concentration, the prediction of which is possible
thanks to aerobiological monitoring [2,3].

Monitoring of non-biological components of atmospher-
ic air is carried out on the legislative level around the world
and in Ukraine in particular. Due to state funding, citizens
of a country have public access to this data and can judge
air quality through public Internet access. Unfortunately,
the situation with biological pollutants, such as pollen and
mold spores, is different. Only Switzerland and France have

338 ISSN 2306-4145 http://zmj.zsmu.edu.ua

state monitoring networks, while in other countries, research
is conducted privately [4,5]. Japan (143), the United States
(85) and a number of European countries: Italy (88), France
(85), Spain (77) and Germany (44) hold world leaders in
terms of the number of aerobiological stations. To calcu-
late the number of spores and pollen in most countries of
the world, a Hirst-type volumetric trap is used, with the ex-
ception of the United States, where the Rotorod sampler
is mainly used. About 50 % of these stations also control
mold spores, which almost always include Alternaria spp.
and Cladosporium spp. [4].

In Ukraine, aerobiological monitoring with volumet-
ric method is carried out in Kyiv at the State Institution
“O. M. Marzieiev Institute for Public Health of the NAMSU”
under the leadership of O. I. Turos, in Zaporizhzhia — on
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Table 1. Summary table 2015-2020

Descriptive Statistics

OpwuriHaAbHiI AOCAIAXKEHHS

Year Std. Std. err. Kurtosis Std. err.
deviation Skewness Kurtosis

2015 29.07 20.07 6.07 1272
2016 20.07 16.07 4,07 1356
2017 1.08 30.07 6.07 1918
2018 7.08 31.07 271.07 415
2019 28.07 271.07 5.07 964
2020 2.08 30.07 14.06 359
Mean 25.07 20.07 6.07 680

15096 33.1 0.16 0.019 0.015
23067 134 355 0.17 0.016 0.76
14798 86 37.6 -0.37 0.019 0.97
13430 78 446 -0.21 0.021 -0.52
22417 130 37.8 -0.03 0.016 0.12
14727 85 471 0.09 0.020 -0.54
17256 100 371 -0.08 0.019 0.39

0.038
0.032
0.039
0.041
0.032
0.040
0.037

the basis of Zaporizhzhia State Medical University under
the leadership of O. B. Prykhodko and National Pirogov
Memorial Medical University (Vinnytsia) under the guidance
of V. V. Rodinkova [6]. But only Zaporizhzhia and Vinnytsia
implement counting of mold spores in Ukraine [7].

The results of aerobiological observations are used to
construct an allergy prediction, which has been carried out
since 2011 by the Vinnytsia Scientific Aerobiological Group
to prevent the population from a possible outbreak of pollen
and fungal allergies [6]. Therefore, there is a great need to
monitor spores of fungi that can cause such allergies, in
particular Alternaria spp.

Aim
The aim of the study is to determine the patterns of changes

in the concentration of mold spores of the genus Alternaria
in the air of Zaporizhzhia city.

Materials and methods

The object of the study was the dynamics of mold spores of
the Alternaria spp. The analysis of the spore concentration
was carried out on the basis of data collected over several
years: from 2015 to 2020. Sampling was carried out with
volumetric method using a Hirst-type trap. The device is
yearly certified by the state metrological service with certif-
icates. The samples were analyzed with a light microscope
at x400 magnification using the method of vertical transects.

The results of the research were processed by ap-
plying the Statistica® for Windows 13.0 licensed software
package.

Results

Seasonality was determined using the 95" percentile
method, where the beginning of the season was defined
as the date when 5 % of the spore total number per year
was recorded, and the end — as the date when 95 % was
observed. Descriptive statistics of the results obtained after
monitoring fungal spores of the genus Alternaria in the pe-
riod from 2015 to 2020 are shown in Table 1.

The graph (Fig. 1) shows the average daily number of
Alternaria spores in 2015.

Fungal spores appeared on June 6 (5" percentile). The
maximum number of spores was recorded on July 7 with a
value of 1272 spores/m®. Sporulation occurred for 84 days
and ended on September 10. Thus, according to the results
of five-year monitoring, 2015 was the shortest sporulation
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season. In total, 15 096 spores/m® were determined during
the year, which was 87 % of the annual observations. The
average day was July 29, ¢ = 33.1 days. The distribution
of spores has a positive asymmetry on average at the level
of 0.16 £ 0.019.

The graph (Fig. 2) shows the average daily number of
spores in 2016.

The season started earlier than the previous year and
fell on May 27. The maximum number of fungal spores
was recorded on July 4 with a value of 1356 spores/m°.
The sporulation period was 109 days and ended on Sep-
tember 13. In total, 23 067 spores/m® were determined for
the year, which was 134 % of the annual observations and
was the maximum value for 5 years of observations. The
average day was July 20, o = 35.5 days. The distribution
of spores has a positive asymmetry on average at the level
0f 0.170 £ 0.016.

The graph (Fig. 3) shows the average daily number of
spores in 2017.

Fungal spores appeared on April 10 (5" percentile).
The peak concentration of spores was recorded on July 6
with the maximum value for the entire observation period
— 1356 spores/m?. The sporulation period lasted 114 days
and ended on September 17. In total, 14 798 spores/m?
were identified for the year, which amounted to 86 % of
the annual observations. The average day was August 1,
o = 37.6 days. The distribution of spores has a negative
asymmetry on average at the level of -0.370 + 0.019.

The graph (Fig. 4) shows the average daily number of
spores in 2018.

Fungal spores appeared on May 24 (5" percentile). The
maximum spores were recorded on July 27 with a value of
415 spores/m®. The sporulation period was 132 days and
ended on October 2. In total, 13 430 spores/m® were deter-
mined for the year, which amounted to 78 % of the annual
observations. The average day was August 7, 0 = 44.6
days. The distribution of spores, as in the previous year,
had a negative asymmetry on average at -0.210 + 0.021.
There were two distinct waves of sporulation, in summer
and autumn.

The graph (Fig. 5) shows the average daily number of
spores in 2019.

Fungal spores appeared on May 22 (5" percentile). The
maximum number of spores was recorded on July 5 with
a value of 964 spores/m?. The sporulation period was 112
days and ended on 10 September. In total, 22 417 spores/
m® were identified during the year, which was 130 % of
the annual observations. The average day was July 28,
o = 37.8 days. The distribution of spores had a negative
asymmetry on average at -0.030 + 0.016.
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Fig. 1. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2015.
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Fig. 2. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2016.
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Fig. 3. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2017.
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The graph (Fig. 6) shows the average daily number of
spores in 2020.

Fungal spores appeared on May 25 (5th percentile).
The maximum of spores was recorded on June 14 with a
value of 359 spores/m®. The sporulation period was 142
days and ended on October 13. It was the longest sporu-
lation season in the five-year observation period. In total,
147 270 spores/m® were determined for the year, which
amounted to 85% of the annual observations. The average
day was August 2, 0 =47.1 days. The distribution of spores
was positive, with an average of 0.09 + 0.02.

Discussion

Long-term monitoring allows to predict a high level of
spores in the air for warning the population in good time.
Consequently, people susceptible to fungal allergies
have accurate information regarding the concentration of
allergenic agents.

According to the study results, the highest concentration
of mold spores Alternaria spp. in the air of Zaporizhzhia
city were observed mainly in the summer period from
July to August, as well as in autumn. Similar data can be
found in the works of other authors. Studies carried out by
P. Repiejko et al. in the southern part of Poland showed that
peaks of spore concentration at five aeromonitoring stations
also occurred in July [8]. But, in the air of northern Poland,
the highest concentration of spores was observed in July—
August (A. Chloupek et al.) [9]. However, Zaporizhzhia is
located in the steppe zone and favorable weather conditions
for the growing season of mushrooms, which is observed
in early summer and early autumn. Our data are more con-
sistent with the results obtained in the north of Italy. In air
studies of cities in northern Italy, Marchesi noted the period
with the highest rate of spores, with two main peaks in early
and late summer [10]. When analyzing the correspondence
of the spore number to weather conditions, no correlation
was found. Further research for the development of fore-
casting methods is of interest.

According to research of G. Apangy et al., signif-
icantly higher concentrations of spores in the UK are
observed in August, due to the large number of grains
and oilseeds in these regions [11]. The same trend is
observed in the studies of Danish scientists Y. Olsen et
al., where high concentrations of spores are observed
in August [12]. The authors also explain this in terms of
the location close to agricultural sources and the harvest
period. Mikaliunaite R. et al. also supports the fact that
the concentration of spores is greater in areas with less
urbanization than in urban air [13]. Reyes E. S. et al. in
Valladolid (Spain) reported that more spores of Alternaria
were observed in summer during the harvest season.
Monthly peaks in different years were recorded in July
and August. In addition to affecting the concentration
of spores from agricultural sources, they also found a
positive correlation with temperature and a negative
correlation with relative humidity and rainfall [14].
Grinn-Gofron A. at al. studying the influence of thunder-
storms on the level of fungal spores, including Alternaria,
reported that the concentration of spores on stormy days
was very high (more than 7000 spores/m?®) in Szczecin
(Poland). Scientists noticed that before a thunderstorm,

Zaporozhye medical journal. Volume 24. No. 3, May — June 2022



OpwuriHaAbHiI AOCAIAXKEHHS

when the air temperature and ozone concentration were

over six years. The maximum number was 680 spores/m? 0

increased, the number of spores was increased, and K-S d =0.10413, P < 0.01 : Lilliefors P < 0.01
vice versa, during a thunderstorm, these two indicators Shapiro-Wik W = -, P = -
. 600
were decreased as well as the spore concentration [15].
500
Conclusions
1. Analyzing the average daily (for six years) indicators 400
of the number of spore distribution in the air of Zaporizhzhia
city, it can be concluded that the distribution is normal 300
throughout the year, which corresponds to the intensity of
spore formation, depending on changes in meteorological 200
conditions, that is, an almost equally symmetric range from ‘
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sporulation lasted 119 days.

2. The results of our data can be used to warn the pub-
lic about possible outbreaks of fungal allergies or about Fig. 4. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2018.
the aggravation of the allergy symptom course in the future.
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fluence of meteorological factors on the concentration of 600
fungi Alternaria.
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Fig. 5. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2019.
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pecypciB, 3anopi3bKkWin HaLLiOHAaAbHWI YHIBEPCUTET; CTapLUMiA
BUKAGAY Kad. MEANUHOT Gionorii, napasuTonorii Ta TEHETUKM, Fig. 6. Concentration of mold spores of the genus Alternaria in the air of Zaporizhzhia city in 2020.
3anopi3bk1it AepXXaBHUIA MeAUYHUI YHiBepcuTeT, YkpaiHa.
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