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Abstract. Air quality is of crucial significance for both ecosystem and human
health. The aim of the research was to assess how meteorological conditions
affected the aerobiological concentration in Chone, Manabi, Ecuador. For five
days, sedimentation in Petri dishes was used to carry out sampling at nine
different points. Temperature, relative humidity, wind speed, and UV index
were among the meteorological data taken from the Catholic University of
Chone meteorological station and included in the analysis. Following the
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hospital (point 6), the city market (point 4) had the highest concentration of
bacteria, with 301 CFU/m? in the morning and 441 CFU/m?3 in the afternoon.
With values of 0.541 and 0.56, respectively, wind speed and solar radiation
showed the biggest fluctuation with bacteria concentrations. With the
exception of a relative humidity value of 0.023, the park (point) had the highest
abundance of mushrooms and no significant associations with meteorological
variables. In summary, aerobiological concentrations showed a minor
influence from meteorological factors while being below allowable bounds.

1. Introduction

Ecosystem and human health are greatly impacted by outdoor air quality (Yin et
al.,, 2021; Leal, 2019). Air pollution has numerous negative impacts on terrestrial
and aquatic ecosystems, ranging from local and global scales, degrading the
physical environment, threatening organismic health and reducing biodiversity.
Airborne pollutants, which include volatile organic compounds, poisonous gases,
and suspended particulates, can harm cardiovascular and respiratory health as
well as induce conditions including cancer, allergies, and asthma (Ruiz-Gil et al.,
2020; Leal, 2019). The World Health Organization (WHO) reports that 4.2
million die each year, across the world, due to heart disease, stroke, lung cancer,
and acute/chronic respiratory disease linked to ambient air pollution (Abdul et
al., 2022; WHO, 2020). Moreover, the impact extends beyond human health
since certain pollutants trap heat in the atmosphere, accelerating global warming.
This warming can further exacerbate air quality issues and create a vicious cycle
(Keishams et al., 2022; Huh et al., 2020).

As well as affecting residents of high-pollution areas, outdoor air pollution can
have an impact on an entire region or indeed the whole biosphere (Keishams et
al., 2022; Huh et al., 2020). Long-distance windborne pollution can carry harmful
particles and gasses, lowering air quality in isolated locations. This understanding
is crucial not only for public health but also for ecosystem health. Airborne
bacteria and fungi can play a role in nutrient cycling, plant-microbe interactions,
and even influence the spread of plant diseases (Sangkham et al, 2021).
Therefore, studying how meteorological factors influence these microbial
communities can provide valuable insights into the overall ecosystems.
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Human health can also be impacted by airborne microorganisms such viruses,
fungus, and bacteria (Olivera et al.,, 2021). According to studies by Liu et al.
(2018) and Madhwal et al. (2020), these bioaerosols can result in infections,
allergies, and respiratory disorders. Environmental elements including
temperature, humidity, and wind speed have an impact on the concentration and
make-up of these microorganisms in the air (Olivera et al., 2021; Ramos & Meza,
2017). While it is true that there is several research on environmental quality in
metropolitan areas conducted internationally, this subject has not yet received
much attention at the provincial level (Vivas et al., 2022; Gémez et al., 2021).

Understanding the role of airborne microbes is crucial for advancing towards a
sustainable future (Palladino et al., 2021). This research contributes to several
Sustainable Development Goals (SDGs), notably SDG 3 (Good Health and
Well-being) and SDG 11 (Sustainable Cities and Communities), emphasizing the
need for managing healthy urban environments. By exploring the relationship
between airborne bacteria, fungi, and the health of humans, animals, and the
environment, effective strategies for improving air quality can be developed.
Consequently, the research question arises: How do airborne bacteria and fungi
in coastal Ecuador correlate with meteorological factors? Thus, this study aims
to assess how meteorological conditions influence aerobiological concentrations
in the town center of Chone.

2. Literature review

For centuries, concerns about airborne illness spurred interest in what eventually
became aerobiology (Myszkowska, 2020). This field truly blossomed in the 20th
century. The coining of the term aerobiology in the 1930s by Fred Campbell Meier,
along with his innovative air sampling tool, laid the groundwork. Pioneering
figures like Philip Herries Gregory further developed the field with concepts like
air spora and studies on spore dispersal. The invention of the Hirst spore trap in
1952 revolutionized air sampling, enabling the creation of monitoring networks.
Collaboration among researchers solidified with the establishment of the
International Association of Aerobiology in 1972. While traditional methods like
Hirst traps remain important, recent advancements like molecular techniques and
real-time sensing offer more sophisticated acrobiological monitoring (Lancia et
al., 2021).

Aerobiology, a vast field with over 2,122 articles on Scopus using the keyword,
traditionally relied on gravimetric methods (popular in Poland around the
20th/21st century transition) but has shifted towards volumetric methods for
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precise particle measurement (Grewling et al, 2023). While aerobiological
monitoring is carried out both indoors and outdoors, for the purposes of this
research, a literature review will be conducted on the main advances in
publications on outdoor monitoring.

A study conducted in Tianjin, China, revealed a diverse range of airborne fungi,
with Alternaria being the most prevalent. The concentration of these fungi varies
significantly throughout the year, influenced heavily by the month. However, the
study found no substantial difference in fungal communities between busy urban
areas and green spaces (Nageen et al., 2021).

In Seoul's elementary schools, outdoor air had a richer bacterial community than
classroom air, though fungal diversity was similar indoors and outdoors.
Abundant bacteria included Enhydrobacter, Micrococcus, and Staphylococcus,
while prevalent fungi were Cladosporium, Clitocybe, and Daedaleopsis.

Classroom air bacterial composition was uniform across rooms but distinct from
outdoor air (Lee et al., 2021).

A study at Eskisehir Technical University found most departments had low to
moderate levels of airborne bactetia (up to 1663 CFU/m?). However, cafeterias
had significantly higher bacterial counts, indicating a higher degree of air
pollution in those areas (Bhat et al., 2022). At a public university in Islamabad,
Pakistan, outdoor fungal and bacterial concentrations ranged from 280-510
CFU/m?® and 20-100 CFU/m?, respectively. The high outdoor fungal
concentrations significantly contributed to indoor fungal buildup, as evidenced
by the abundance of Cladosporium spp., a plant pathogen (Hassan et al., 2021).

At the wastewater treatment plant in Lublin, Poland, the highest concentrations
of total bacteria (3617 CFU/m?) and fungi (5386 CFU/m?) in bioaerosols wete
detected near the sewage pumping station, close to the aeration tanks.

Pseudomonas fluorescens was found in the air around the grit chamber at 78
CFU/m? (Staszowska, 2022).

In Southeastern Italy during winter, Bacillus and Chryseobacterium were the only
genera significantly correlated with chemical species likely associated with soil-
dust and anthropogenic pollution sources, respectively. In spring, Enterobacter
and Sphingomonas were the only genera significantly correlated with chemical
species likely associated with anthropogenic pollution and marine and soil-dust
sources, respectively (Romano et al., 2020).

Focusing on studies in America, Suehara and Pinto (2023) report that the most
prevalent airborne fungi genera in Brazil are Aspergillus, Penicillium,
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Cladosporium, Curvularia, and Fusarium. Their findings also highlight the
relationship between fungi and meteorological factors and seasonality, the
sensitivity of atopic individuals to fungi, and the main nosocomial mycoses
reported in the literature.

In Mexico City, Calderén-Ezquerro et al. (2021) found that the Actinobacteria
phylum dominated the bacterial communities in both urban (41%) and semi-
urban (42%) areas, followed by Proteobacteria, Firmicutes, Bacteroidetes,
Cyanobacteria, and Chloroflexi. Interestingly, the urban environment harbored
13 unique bacterial genera, while the semi-rural area had 17.

In a public library in Colombia, Camargo-Caicedo et al. (2023) reported air fungal
concentrations reaching up to 1197 CFU/m? with an average around 150
CFU/m?, noting higher values during morning samples. Seven fungal genera
were identified, with Aspergillus and Curvularia being the most abundant. The
temperature ranged from 30.80 to 33.51 °C, and relative humidity from 62.61 to
64.80%. Statistical analysis revealed a significant correlation between fungal
aerosol concentration and relative humidity, indicating that a 10% increase in
moisture could double the fungal aerosol concentration.

In Ecuador, Vivas et al. (2021) found high bacterial concentrations, reaching up
to 151,111 CFU/m? of air, near the central market of Calceta city, with lower
fungal concentrations. Significant differences were observed in monitoring
frequency, with higher average concentrations of CFU/m? and UPC/m? on
weekends. Without additional nationally relevant studies, the primary
contribution of this research is its role as the first study to reveal the influence of
meteorological factors on the concentration of bacteria and fungi at the
municipal level in Ecuador.

3. Methodology

The research area exhibits tropical climate features as indicated by the bioclimatic
map of Ecuador and is described by Holdridge as an ecological region of the
tropical dry forest type. Variations in the Pacific Ocean and regional mobility
characterize this area, with intertropical convergence playing a major role (Aveiga
et al, 2023). According to Reyna et al. (2018), the Carrizal-Chone valley
experiences 25.6 °C of annual average temperature, 1365.2 mm of potential
evapotranspiration, and 838.7 mm of precipitation. Based on these facts, there is
a wet season from January to May and a dry season from June to December.
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The methodology proposed by Vivas et al. (2021) was employed to establish the
points. Numerous elements were considered, such as crowded areas and public,
urban, and rural transportation terminals found within cities. The WHO-
proposed methodology was utilized by Morocho's (2021) research as a reference
for determining criteria, which also took into account the emission and
dispersion patterns of pollution (table 1). A total of nine monitoring sites were
set up (see figure 1), where samples were taken five days a week between 1:30

p.m. and 7:00 a.m.

Table 1. Criteria for the location of monitoting points

Site rating

Description

City or urban centre

Walking or commercial zones are examples of urban locations that
reflect the general exposure of the populace in towns or urban centres.

Background urban areas

Urban location that is far from sources of pollution and, hence,
broadly reflective of the overall city's backdrop circumstances.

Suburban or residential areas

Location on a town or city's periphery that is residential in nature.

Places near the tracks (kerbside)

A site sample that is between one and five meters away from a major
street.

Industrial

A region where long-term or peak concentrations are significantly
influenced by industrial sources.

Soutce: Morocho (2021)

Figure 1. Geographic location of the cantonal capital of Chone.
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In May 2024, sampling took place utilizing the sedimentation method in Petri
dishes during a 5-day period. Nutrient agar was used to cover the boxes if acrobic
bacteria were detected, whereas malt extract agar was utilized to detect fungus.
The Petri dishes were left in an open position 1.50 meters above the floor and
left to be exposed to the environment for half an hour. It is important to note
that the approach used in the studies by Vivas et al. (2022) for exposure duration
and Vivas et al. (2021) for box height served as the foundation for this process.

The samples were incubated for twenty-four hours at 35 £ 2°C. The amount of
fungal and bacterial colonies was counted using the Stuart SCOPLUS counter
after incubation. Stated otherwise, the number of colonies denotes the overall
mean of the colonies found at the sampling locations. Equation 1 was used to
calculate the concentration of colony forming units (CFU, for bacteria) and
propagation units (CPU, for fungi) per m3 of air, respectively.

CFU or CPU = —X2_

time (min)

Where:
NC = number of colonies per plate

time (min) = 25

Temperature, humidity, wind speed, and UV index were among the climatic
parameters that were obtained from the Catholic University of Chone
meteorological station. A non-parametric analysis was used to determine the
connection among these factors and the aerobiological concentration. A measure
of statistical correlation used to assess the linear relationship between two
variables, Pearson statistical analysis with the SPSS statistical software, according
to Garcia (2014) cited by Lépez (2020), provides a quantitative measure of the
strength and direction of a potential linear relationship between these variables.

4. Results and discussion

The mean of the meteorological parameters included for the analysis are
temperature of 27.12 °C, relative humidity of 82.42%, wind speed of 0.9 m/s and
UV index of 1.14 sun hours/day. Comparing the two examined timeframes,
Figure 2 illustrates how the concentration of bacteria varied among the nine
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monitoring points in a comparable manner. On the other hand, the
concentration of microorganisms increases everywhere about 1:30 (figure 2).
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Figure 2. Data on bacteria concentrations.

The city market (point 4) stood out as one of the points with the highest densities
of bacteria, as seen in the above figure. The concentration was already noticeably
high in the morning at 301 CFU/m?. On the other hand, this value sharply rose
to 441 CFU/m? in the afternoon. This noticeable rise indicates that there is a lot
more activity and social interaction in the market in the evening, which promotes
the growth of germs. Food markets are known to be places where
microorganisms thrive since they are the hub for a range of commercial
operations that can lead to environmental issues such an overabundance of
organic waste creation, according to Gémez et al. (2021). Chulquin & Rojas
(2020) suggest that the current circumstances facilitate the growth and
dissemination of bacteria and other harmful agents, as evidenced by the discovery
by Vivas et al. (2021) of a significant bacterial concentration in the vicinity of the
central market.

In point 6 (the hospital) there was a concentration of 433 UFC/m3 of air which
rises raises the possibility of a connection to the higher volume of patients,

guests, and medical personnel that occurs during the day. In accordance with
Polytechnic University of Madrid researchers (UPM, 2023), raises the risk of
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nosocomial infections. As a medical facility, the hospital receives a lot of patients
with different diseases, many of which are brought on by infectious agents
including viruses, fungi, and bacteria (UPM, 2023). Because of their minuscule
size, these microbes are easily swallowed when breathing and can spread
throughout the air, raising the risk of nosocomial infections (Banchén et al.,
2022). Hospital air contains a high concentration of microorganisms, which is
concerning since it can spread illnesses to patients, visitors, and medical staff.
Moreover, Nufiez et al. (2021) state that elements like sunlight and high
temperatures tend to raise the concentration of microorganisms because mid-
afternoon is typically when the most daylight hours and significant temperatures
are experienced.

According to Vivas et al. (2021), there are various criteria on the threshold of
microbial concentration in outdoor air that is considered harmful to human
health. The concentration mostly considered harmful to health is 500 CFU/m?,
in the case of fungi and bacteria. The values found in the present study are within
this range, since the highest concentration recorded was 441 CFU/m?. However,
according to the limit values of microorganisms allowed by the WHO, the
concentration is at an intermediate level (101 — 500 CFU/m? of air) (Marcillo et
al., 2021), which is a cause for concern and justifies the implementation of
prevention measures.

Several intriguing patterns emerged from an analysis of the correlation between
climate variables and the number of germs in the air (Table 2). First, a weak
negative correlation (coefficient of -0.42) was observed between the
concentration of bacteria and temperature, suggesting that temperature had no
effect on the number of bacteria in the air. Certain research, like Tang's (2009)
study that Siller et al. (2024) mentioned, indicates that temperatures higher than
24°C may reduce the lifespan of microorganisms. However, studies like the one
by Smets et al. (2016), which Yang et al. (2024) mentioned, show that bacterial
growth is favored by rising temperatures. Temperature affects the dispersal of
germs in the air because it encourages convective air movement, regardless of its
impact on life (Miri et al., 2023).

An even weaker negative connection (coefficient of -0.05) was found for relative
humidity. This indicates that the CFU concentration tends to decrease
significantly as the relative humidity decreases. However, this association is
extremely weak and nearly inconsequential because the coefficient of -0.05 is so
close to zero. As to Guarnieri et al. (2023), an overabundance of relative humidity
(RH) fosters the growth of detrimental microbes, including bacteria, viruses, and
mold. Moreover, Cortés et al. (2024) claim that an excessively low relative
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humidity increases the risk of infection by causing dryness and irritation in the
skin and respiratory system.

Table 2. Pearson correlation coefficient test for bacteria.

Bacteria
Temperature Pearson Correlation -0.042
Sig. (2-tailed) 0.692
N 90
Relative humidity ~ Pearson Correlation -0.055
Sig. (2-tailed) 0.610
N 90
Wind speed Pearson Correlation 0.541™
Sig. (2-tailed) 0.000
N 90
UV index Pearson Cortrelation 0.056
Sig. (2-tailed) 0.601
N 90

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

By contrast, there was a statistically significant positive association between wind
speed and the concentration of airborne bacteria, with a coefficient of 0.541 and
statistical significance at the 0.01 level. According to Miri et al. (2024), high winds
cause bacteria to be lifted from the soil and plant surfaces into the air, which
explains why the concentration of bacteria in the air increases as wind speed
increases. Although the role of wind speed in the modulation and transport of
bacteria has not been well investigated, Dueker et al. (2017) note that this variable
is expected to increase the creation and transport of microbes from nearby bodies
of water.

Furthermore, a positive association (coefficient of 0.56) was found between the
UV index and the concentration of microorganisms. This suggests that more sun
exposure may be linked to a higher prevalence of bacteria in the environment
because there is a direct and reasonably strong relationship between the UV index
and the quantity of bacteria in the air. Yet in a study conducted by Fahimipour
et al. (2018), they assessed the impact of light exposure and wavelengths on the
composition of the dust microbiome (in indoor environments). They found that
exposure to sunlight led to a reduction in the number of some abundant
microorganism groups and an apparent increase in the number of rare groups,
suggesting that some microorganisms may have grown slightly in the presence of
light.

Vs Sustain, 22, 195-214 http://dx.doi.org/10.13135/2384-8677/10754



http://dx.doi.org/10.13135/2384-8677/10754

Airborne bacteria and fungi in coastal Ecuador 205

The fungal concentration shows a notable increase around 1:00 p.m. at points 4,
5, and 6, with point 5 (park) recording the highest value at 87 CUP/m?. In
contrast, the highest incidence of fungi at other locations (points 1, 2, 3, 7, and
9) occurs at 7:30 a.m., which follows a different pattern compared to the bacterial
concentration at the two measured times (Figure 3).
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Figure 3. Data on fungal concentrations.

As opposed to the concentrations of bacteria, the preceding figure in this
instance demonstrates that there is minimal fluctuation regarding the sample
sites; in fact, depending on the two monitoring schedules, the concentrations
may decline in certain instances or remain constant in others. The point 9 showed
the biggest decline of all the locations, going from 65 to 55 UPC/m? of air, a
remarkable 10 CPU/m? decrease from morning to afternoon. This notable
variance could be attributed to a decrease in afternoon human activity or site-
specific environmental variations, like variations in natural ventilation or sunlight
(Matcillo et al., 2021).

This reduction is notable in comparison to other points because most locations
saw minor gains or losses. One example of this is point 5 (park), which showed
a notable increase of 8.6 CPU/m?® from morning to afternoon. Since vegetation
is one of the primary substrates for the development of fungi, it is assumed that
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in urban patks, the concentrations of fungal spores in the air could be higher, as
per Kasprzyk et al. (2021) since the production of fungal spores is significantly
higher than that of pollen grains.

In the instance of the city market (point 4), there was a 5 CPU/m? vatiation in
the concentration of fungus from the morning (66 CPU/m3 of air) to the
afternoon (71 CPU/m? of air). Although not as large as that of point 5, this
increase is nonetheless noteworthy, and Gémez et al. (2021) attribute it to the
escalation of commercial activity and the rise in afternoon population density.
Conversely, point 9 (a city entry/exit road) had the lowest fungal content duting
both periods (42 UPC m? of air in the morning and 38.4 UPC m3 of air in the
afternoon). This could be because of its urban setting with fewer green spaces in
addition to the rising temperatures.

Regarding the Pearson correlation between meteorological variables and fungal
concentrations, the following was obtained:

Table 3. Pearson correlation coefficient for fungi.

Fungi
Temperature Pearson Correlation 0.018
Sig. (2-tailed) 0.870

N 90
Relative humidity ~ Pearson Correlation 0.023
Sig. (2-tailed) 0.830

N 90
Wind speed Pearson Correlation 0.003
Sig. (2-tailed) 0.978

N 90
UV index Pearson Correlation -0.195
Sig. (2-tailed) 0.066

N 90

**, Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

A very weak positive association, indicated by a correlation coefficient of 0.18 in
the temperature variable, suggests that while the concentration of fungus tends
to increase slightly with temperature, the relationship is not very strong.
However, in September, there was a strong direct correlation between
temperature and the total amount of fungi (r = 0.853, p < 0.01), according to a
study by Nageen et al. (2023) on the seasonal change of fungal diversity in urban
contexts. However, in November, the connection was inverse, meaning that the
overall number of fungi decreased with increasing temperature (r = -0.7718*, p
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< 0.05). Likewise, Noor et al. (2019) in a similar study, found that the number of
fungal spores in the air varied throughout the month of March and was related
to climatic factors such as temperature, which influences the release of spores
and growth. of mushrooms.

The correlation coefficient for relative humidity was 0.023, suggesting a weak
positive association. This implies that there is a modest positive correlation
between an increase in relative humidity and an increase in the variable under
investigation. Similarly, Hass et al.'s study from 2023 found that there were
negative associations between fungal spore counts and relative humidity for both
Cladosporium and xeric fungi, with rho values of -0.35 (p < 0.001) and -0.33 (p
< 0.001), respectively. Regarding its part, a statistically significant influence (p <
0.002) was identified on the number of fungal spores in the air, accounting for
1.5% of the overall change in the presence of fungal spores, in the study by Grinn
and Bosiacka (2015), referenced by Nuflez et al. (2021).

On the other hand, there is just a very slight positive association (0.003) between
wind speed and fungal concentration. There is essentially no link between the
two variables because this number is so close to zero. In contrast, the average
wind speed was found to have a statistically significant influence (p < 0.03) on
the number of fungal spores in the air during the study period, accounting for
1.5% of the total variation in the presence of fungal spores over a three-year
period. This study was conducted by Grinn and Bosiacka (2015), cited by Haas
et al. (2023). The wind helps release fungal spores and carries them through the
air, expanding their dispersion and range, according to Nageen et al. (2021) by
creating air currents.

However, the correlation value for UV index variable is -0.195, indicating a very
weak negative link. In fact, in the study conducted by Kowalski and Pastuszkan
(2018), at similar temperatures, the concentration of bioaerosols decreased with
increasing sun radiation intensity, indicating that UV solar radiation negatively
affects fungal spores and decreases their airborne presence. According to
Noreiga et al. (2020), when administered in greater quantities, the same light
wavelengths that promote spore formation in tiny amounts can completely
prevent it.

5. Conclusions
Bacteria and fungi are part of airborne particles that exist momentarily and are

subject to variations in concentration based on meteorological factors.
Temperature and relative humidity had no discernible effects on bacterial
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concentrations in the research area, while wind speed and UV index
demonstrated the strongest and positive connections with bacterial
concentrations. The connections between meteorological factors and fungi were
typically minor, with the most notable, though still weak relationship, being that
of relative humidity.

The usefulness of the presented results is supported by their complete
reproducibility. Future research should account for as many factors as possible
in aerobiological studies. Additionally, monitoring should cover the entire season
of the study area. Lastly, employing advanced techniques for identifying bacteria
and fungi would enhance the specificity and accuracy of the information
presented. This will make a significant contribution to monitoring the
relationship between air quality and ecosystem and human health.
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