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1. Introduction

Havana, Cuba, which have televisions, computers and an electric generator.
The air samples were made by a sedimentation method using Malt Extract
Agar. The concentration of total aerobic mesophilic as well as fungi and
yeasts were determined in rainy and little rainy seasons by applying as
factors: exposure time of dishes (5 to 60 min) and distance to the wall (0
and 1 m) at a height of 1 m above the floor. The predominant fungal genera
were Cladosporium, Penicillium and Aspergillus. In the dishes that were
placed at 0 and 0.5 m from the emitting sources were observed that some
bacteria colonies formed inhibition halos, a great diversity of filamentous
fungi and an increase in the mycelium pigmentation as well as the pigments
excretion. In the rainy season, the highest amounts of fungi were obtained
in all samples. In the little rain season the count of the Gram-negative
bacilli increased three times the Gram-positive cocci.

drome (SBS) . Therefore, microbiological contamination
of indoor air is of great importance because many people

tis well-known that fungi and their propagules (spores  perform up to 90% of their activities in these spaces. The
and cellular fragments) are an important source of  mjcrobial contamination of the air of these places, mainly
allergens. Its distribution is ubiquitous, universal and by fungi (acromycobiota), is considered one of the great-
they behaving as allergens which contribute to triggering et threats to health since it can be ten times greater than
numerous diseases .. When the symptoms are described  the outdoor ¥, although another author states that it is
for the indoor occupants, caused by microorganisms and  from six to seven times smaller
other contaminants, are referred to Sick Building Syn- The impact of the electric generators (EG) on the
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environment at different stages of their life cycle ¥ and
its location requires study which takes into account
risks to the health of the population and the workers, in
both phases construction and operation ', In this sense,
most cases of EG studies are limited to the generation
of electric and magnetic fields ", noise emissions and
physical-chemical air '” but the microbiological quality
of air is not studied and it is very important for human
activity """,

It is known that different physical factors influence
in the dynamics of the behavior of biological aerosols .
It is known that different physical factors influence in
the dynamics of the behavior of biological aerosols. Its
characterization depends on the method of sampling
and the analysis used but currently a standard protocol
to evaluate the contamination and their effect in indoor
environments is not available. Therefore, it is difficult
to compare the results of a study with other one carried
in the same country or in other geographical areas "',
According to Gent (2003) " count can be classified into
four levels: no detectable (0 CFU/m’), low (1 to 499 CFU/
m’), means (500 to 999 CFU/m’) and high (1000 or more
CFU/m’). In response to this classification, the private
homes are considered with a mean value of contamination
(600 - 800 CFU/m’) whilst the dressing rooms have a high
contamination (800 - 1500 CFU/m"). In general, at indoors
environments are acceptable between 100 to 500 CFU/m’
but only it is accepted 50 CFU/m’ if are pathogenic fungi
such as Aspergillus spp.

Moreover recent researches show that environmental
fungi were stimulated by nuclear radiation that persist in
the surrounding areas to the power plant Chernobyl '
“I'and the environmental study made in a local closed
showed that a similar phenomenon occurred with magnetic
field density (B) of 10 mT and 60 Hz for 220 V *”. In this
investigation the fungal propagules were attracted and
deposited on the Petri plates located near the magnetic
field generator coil in the same way that occurred with
the bacteria under a 4 kV electric field *'". There is a great
diversity of B in the environment of different electrical
equipment, even of similar characteristics, whose value
does not depend on its size, complexity, power or the
noise that can make each domestic appliance **. In
addition, it should be highlight that the extremely low
frequencies the electric field is obstructed by any obstacle
while the magnetic field only decreases as it moves away
from the source.

It is proposed that electromagnetic waves can
influence the distribution of the aeromicobiota in indoor
environments. The trajectory of the spores of the fungus
Drechsrela turcica was studied and it was shown that
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they have electric charge since they were attracted to the
electrode through which circulated alternating current of
115 V/50 Hz **. More recent studies apply this property
of fungal spores but under the action of an electrostatic
field between 0.5 and 5 kV **%. According to Jamieson
and Jamieson (2006) “" the electrical and magnetic fields
generated by the equipment can attract pathogenic bacteria
inside the locals like offices and hospitals increasing the
risk of contamination by this way. For this reason the aim
of this work was to analyze the effect of the magnetic
field generated by electrical household appliances on the
aeromicobiota surrounding these equipment located in
indoor locals.

2. Materials and Methods

The environmental studies of interiors were carried out
in three geographical areas of Havana, Cuba (Table 1).
The premises studied are located in there municipalities
Lisa, Arroyo Naranjo and East of Havana (at West,
South and East of city, respectively). Two different days
corresponding to the rainy and little rainy seasons of the
years 2017 to 2018 were simultaneously sampled (Table 2).

Table 1. Description of the equipment used in this
research according to the geographic location of the
premises in the city

Dimentions Geographic
. Brand/ Neighborhood/| location of the
Equipment of the locals ce .
Country Municipality | premises in the
(m) cit
y
Personal
Computer ?O.pen/ 3x2x22
PC) arwan Guatao/Lisa
- West
Electric Genesal/ (LT)
Generator . 6x4x3.0
(EG) Spain
Alamar/ East
Atelz(zzzda/ 7x3x2.5 | ofHavana East
Television (EH)
(TV) Electric/
LG/Korea | 3x3x2.5 Arroyo South
Naranjo (AN)

Note: these acronyms were used to identify the equipments and their
locations.

Table 2. Thermo hygrometric values of outdoor
environment each day studied according to report of
weather station located in Havana city

o Outdoor
Day of microbiological Outdoor Temperature (°C) Relative
Seasons | . X : L
indoor air sampling Humidity
medium | max min (%)
. 14th May 2017 26.6 31.4 23.2 75
Rainy
Ist June 2017 24.9 30.2 22.8 89
Little | 27th December 2017 | 23.4 30.8 19.9 82
rainy 4th January 2018 24.7 29.0 20.8 84
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Note:

Report of Weather Station 783250 “White House” (latitude: 23.16;
longitude: -82.35, altitude: 50) of the Cuban Institute of Meteorology
(http://www.tutiempo.net/clima/CASA_BLANCA/783250.htm).

The EG (Genesal, Spain, Power 47/51 kVA) was
selected because it is located 6 m from away to the PC-LI
in Guatao. TVs and computers were selected because they
are the household appliances most used in the home and
people stay in front of them for several hours and with
similar daily frequencies for both .

The variables temperature and relative humidity of
the locals were taken with a digital thermo hygrometer
(Hygro-thermometer DHT-1, China) which scales of
temperature is from 5 to 50°C and 0.1°C with accuracy
and relative humidity from 10 to 100% with accuracy 1%.
The measurements of density of the magnetic field were
taken with a gaussmeter (Enertech, EmdexII, USA) of
scale 1 to 3000 and 0.1 mG of precision.

As in most homes there are TVs, with the results
obtained in the sampling of the premises with this
appliance, a D-optimal multifactorial design was applied
by the statistical program Design Expert version 6.0.1.0
(STAT Ease, Minneapolis). The experimental factors
studied were: the exposures time of the Petri dishes,
the distance from the PCs to the wall as well as the
geographical location of the room where the TVs are
located (Table 3). A total of 17 experimental runs were
obtained and total aerobic mesophilic (TAM), fungi and
yeasts (FY) were determined.

Table 3. Levels of the factors studied in the experimental

design
Factors
Level Exposure time (min) Distance Localization
of the TV (m) of the TVs
1 5 (low) 0 (low) Arroyo Naranjo ( TV-AN)
2 60 (high) 1 (high) East of Havana (TV-EH)

When exposing of the Petri dishes with Plate Count
Agar and Malt Extract Agar to determinate TAM and FY,
respectively it was taken into account that the household
appliances are usually placed 5 to 10 cm from the wall.
This distance was assumed as 0 m and from this was
added up to 1 m in correspondence with the experimental
design (Table 3) and according to Pasquarella et al. (2000)
™l In this way the same conditions in the three locations
were guaranteed. For the sampling, a diagonal design with
3 or 5 points was followed (Figure 1).
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Figure 1. Representative scheme of the location of Petri
dishes during the microbiological sampling of the air in

a local (6 x 4 x 3 m) with an electric generator (EG) (2.9
x 1.2 x 1.3 m). The center of the generator was taken as

distance 0 m, the Petri dishes were placed at five diagonal
points and the microbiological environmental index was
applied (1 m from the walls: 1 m from the floor: 1 h of

opened Petri dishes)

After the incubation of Petri dishes at 30°C for 5
days, the count was done to determine the microbial
concentration expressed in Colony Forming Units per m’
of air (CFU/m’) according to the equation described by
Omeliansky "

N=5a.10* (bt)"

Where N: microbial concentration (CFU/m?), a:
number of colonies per Petri dish, b: dish surface (cm’),

exposure time (min).

With the values obtained the distribution a map of
microbiological contamination in said premises using the
Surfer v.8 software was built, according to a similar
study ",

Cultural and morphological characteristics of fungal
colonies as well as conidiophores and conidia fungal
structures were observed (stereomicroscope at 14X
and trinocular Olympus microscope brand Samsung
with digital camera coupled SCC-101 AP, 40X) and
the identification was performed according to different
manuals P!, Bacteria were typified according to the
morphology and Gram stain.

Analysis of relative frequency (RF) of occurrence of
the detected fungal genera in the premises was expressed
in percentage, using the following equation:

RF = Times a genus is detected/Total number of
sampling realized x 100

At each point the sampling were performed in triplicate
and the appliances turned off were took as control
samplings. The data was analyzed with the program
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Statgraphics Centurion XV.

3. Results and Discussion

In the colony count a concentration between 38 and 1060
CFU/m’ of air was obtained for temperature and relative
humidity average values of 27 + 2°C and 82 + 5%,
respectively. Therefore, microbiological contamination
of the premises can be classified with low to medium
with counts of filamentous fungi (into the FY group)
similar to the result informed for environmental indoors in
Havana previously *. There were statistically significant
differences (p < 0.05) between concentrations of TAM and
FY but also between different levels of the factors studied.

For 5 minutes of exposure of the Petri dishes less
variability of the colonies was obtained with respect to 1
h, which shows that the sensitivity of the technique
can be increased by increasing the time of exposure,
like was demonstrated in other similar research
previously ¥’ This is important for allergists, since a
great deal of information can be obtained about prevailing
fungi that may even contaminate food "**.

Figure 2 shows the average values of the microbial
concentration in the Petri dishes exposed for 1 h at the
three locations.
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Figure 2. Microbial concentration (CFU/m’ air) in three
locals where the Petri dishes were exposed for 1 hour, 1
m above ground level and 1 m separated from walls in the
rainy season of 2012. a) total aecrobic mesophilic, b) fungi
and yeasts

According to various studies, fungi count can vary
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within a large range depending on the methodology used
and other determinants as the geographic area where
the study was focused . Since in all research the same
methodology was used, statistically significant difference
found in microbial concentrations obtained around
appliances can be given by their geographic location.
In that sense, the concentrations obtained at the same
premises located in Lisa showed significant difference
between the equipment groups (EG and PC), whilst there
was significant difference between these premises and
the others located in EH and AN consistent with those
reported in an environmental study previously conducted
in different locations in Havana .

At the distance of 0 m, all the studied premises had
high pollutions, being the highest microbial concentration
for TV-EH, followed in descending order: TV-AN, PC-
LI and EG-LI. It should be noted that these values could
be influenced by the sedimented dust on the equipment,
since it has been suggested that microbial air pollution
influences the microbial contamination of surfaces . The
particular behavior of the fungal concentration in front of
TVs and EG-LI was studied in detail later.

By analyzing of the distance to the appliances (longer
distance, lower density of OMF), similarity between the
values to 0 and 0.5 m was observed, which they were
higher than 1 m (Figure 2). This behavior was similar to
those observed in other studies which showed that the
bacteria were attracted up to the Petri dishes placed at 1
m distance to electric field of 4 kV " and the fungi to the
Petri dishes located in front of the electric transformers
which were emitting 0.4 to 1.2 mT ®%. Although in this
investigation the observed behavior was similar for
all appliances it is evident that the low values of OMF
generated by these equipment cause the same effect and
can be related to the increase of the electrostatic charge
that concentrate the positive ions "7

The settled dust is an important factor to be taken into
account because this can have many species of fungi and
yeasts xerophilic that commonly not float in the air ©*.
In this sense, it is known that the genus Cladosporium is
found in both indoor and outdoor environments and its
presence in the dust could be due to fragments of spores
that sediment ** and they are present together with spores
of the genus Cephalosporium and Penicillium even after
cleaning with a vacuum cleaner °”. However, considering
the possible influence of the sedimented dust on the
environmental microbial concentration, a contradiction
is evident with the values obtained close to the EG-LI
since a low microbial concentration was detected that
contrasts with the large size and surface of this equipment
(where a large amount of sedimented powder should be
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accumulated) with respect to the remaining equipments
as well as the possible value of OMF it generates (0.1
and 0.6 uT for PCs, 0.8 and 23.5 uT for TVs and 0, 01
and 0.5 mT, for EG). This result can be explained taking
into account the dispersion of the dust particles generated
by the combustion gases during the EG operation, which
makes it possible to suppose that these gases contributed
to the decrease of the aeromicrobiota of the place where
the EG is located.

Figures 3 and 4 present examples of growth in Petri
dishes exposed for 1 h in different positions at the three
locations. At a shorter distance the obtained bacterial col-
onies formed inhibition halos (Figures 3 ¢, 4 j, 4 0 and 4 s)
and a greater variety of filamentous fungi were observed
whose colonies showed more pigmentation (Figures 4 c,
f, g, h, m, and p). This variation in the colonies pigmen-
tation was more significant for those isolated from the
surroundings of the televisions and personal computers.

However, at 0 m distance the increase in the mycelial
growth size and the pigmentation of the colonies could
be influenced by the effect of the magnetic field, since
in all the dishes close to the equipment the colonies
pigmentation was observed: (orange color in Figures 4 b,
¢, h, and m) and coloring of the culture medium (fuchsia
color in Figures 4 c, f, g, h, p, and q). In this regard, with
25 mT obtained from 50 Hz, stimulating effects were
found in several fungi strains when were exposed for 4
h to 10 days "*". It is suggested that this phenomenon
of increased pigmentation occurs in fungi and other
microorganisms to protect against the lethal effect of
electromagnetic radiation . This behavior is significant
since it is an indicator of cellular metabolism (excretion
of toxins and other metabolites that are allergenic and
toxic), which shows that these fungal genera are present
in similar environments including the environments where
the electrical appliances studied are located.

Because pigmentation in fungal colonies is an adaptive
response to the effect of such radiation ' these strains
of fungal species could be used in laboratory studies
to evaluate the effects of higher values of B at 60 Hz
frequency. Consistent with the above, to these distances
from the EG-LI different fungal species was observed
which excreted pigments and stained the culture medium.
It should highlight that the dematiaceous and hyaline
fungi that excrete pigments into the culture medium were
detected more frequently at the 0 and 0.5 m distances of
the EG-LI whilst at a distance of 1 m (lower magnetic
field density or B) only were detected the hyaline fungi
that do not excrete pigments (Figures 4 p and 4 q). Both
the mycelium pigmentation and the pigments excretion to
outside and therefore the staining of the culture medium
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are indicative of the fungal metabolic activity.
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Figure 3. Colonies of total aerobic mesophilic (TAM)
at different distances from a personal computers located
in Guatao, Lisa (a, b and c) and a television located in
Alamar, East of Havana (d and e) in the rainy season. The
arrow indicates the formation of inhibition halos

TV-AN TV-EH PC-LI

EG-LI

Figure 4. Microbial colonies obtained at different
distances from personal computers and an electric
generator located in a local of Guatao, Lisa (PC-LI and
EG-LI), televisions located in homes of Alamar, East of
Havana (TV-EH) and the neighborhood “Electric”, Arroyo
Naranjo (TV-AN) during the rainy season. FY: Fungi
and Yeasts; TAM: Total Aerobic Mesophilic. The arrow
indicates the formation of halo of inhibition

As in both studies this phenomenon occurred with a
value of B in the order of the microtesla (uT) it is inferred
that the value of B at 60 Hz must be in the order of mi-
litesla (mT) * to observe an effect of attraction or reori-
entation of the aeromicrobiota of indoor environments to-
wards the sources of emission of the magnetic field. That
is, for an electric current of 60 Hz the very low values of
B are sufficient to affect the fungal metabolism in general
while an increase of B can favor the formation of local-
ized microenvironments and once they are colonized by
fungi said magnetic field could also stimulate the fungal
metabolism depending of the exposure time.

As for fungi, it was possible to observe similarity in
their diversity and the predominant genera in the three
geographic locations (RF of occurrence) were Cladospori-
um Link (100%), Penicillium Link (75%) and Aspergillus
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Link (75%).

These genera coincide with those reported previously
in environmental studies in Havana "> *™* also they
prevailed in the supermarket Chong Chom in Thailand
8 in the room of the Terracotta Warriors in Mausoleum
of the First Emperor Qin in China ¥7 in other archives,
libraries and museums “** as well as in the halls of
Yale University (New Haven, Connecticut) where RF
of occurrence of the genera Cladosporium, Penicillium
and Aspergillus were 62, 40 and 26%, respectively '®.
These are considered normal contaminants of indoor
environments and potentially allergenic, consistent with
that reported previously "%

According to these results it is suggested that
it is common to find these fungal genera in indoor
environments “****’) and the predominance of one or
the other depends on the climatic region and the specific
sampling conditions . In that sense, there was no signif-
icant difference (p < 0.05) for the counts of these genera
among the three locations coinciding with that observed
in houses located in the Havana center and other areas of
Cuba [2,15,50—52].

When comparing the effect of the OMF on the
microbial concentrations in the locals with the EG (EG-
LI) and the TVs it was possible to obtain significant
differences in presence of the TVs (p < 0.05). Table 4
shows the average of these values for the different study
conditions.

A linear models were obtained for both cases that
explains more than 85 and 89% (R’ = 0.85 and 0.89)
of the behavior of concentration filamentous fungi and
TAM, respectively. The probability that the linear models
do not satisfactorily explain the behavior of the response
variables was very low, which is considered adequate. The
following equation is obtained:

RM=X,+X, A+X, B+X; C

Where RM: microorganisms concentration in CFU/
m’ air; X,: constant model; X,, X, and X;: regression
coefficients; A: exposure time; B: distance to the TV; C:
TV localization.

Table 4. Results obtained for fungi and yeast (FY)
and total aerobic mesophilic (TAM) concentrations in
each experimental condition according to the matrix
experimental of design

No. A: time of |B: distance to| C: Localization FY TAM
exposition (min)| the TV (m) of TV (CFU/m3) | (CFU/m3)
1 60 1 AN 39 308
2 5 1 AN 79 111
3 60 0 EH 675 1062
4 15 0.5 AN 72 229
5 5 1 EH 39 144
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6 30 0.5 EH 505 754
7 60 0 AN 177 668
8 60 0.5 AN 85 393
9 60 1 EH 197 301
10 60 1 EH 197 304
1 5 0.5 EH 662 1029
12 5 0 AN 111 498
13 5 0 AN 113 495
14 60 0 EH 675 1060
15 5 0 EH 491 832
16 60 0 AN 177 668
17 30 1 AN 38 216

Table 5 shows that fungal concentration was significant
(p < 0.05) in relation to the factors distance to the appli-
ances (B) and location (C), and it was non-significant (p >
0.05) for the exposure time (A). This result shows that the
exposure time does not affect the final count value (posi-
tive sign of the coefficients). That is, only a larger number
of colonies will be obtained by exposing the dishes for 10
or 30 min without affecting the profile of the response sur-
face graphs obtained which coincide with those obtained
in a previous similar study *”. This shows that the loca-
tion factor (C) only influences the variety of genera and
species of microorganisms, not in the quantity **!. In this
case was obtained a higher count of TAM (47.29 CFU/m")
than FY (15.55 CFU/m’) as these also can grow in the first
group and can increase total count, as explained above.
Such behavior is beneficial as it will contribute to a more
representative air sampling. Negative signs of the coeffi-
cient B indicate that lower values of CFU/m” are achieved
while the Petri dishes are located away from the applianc-
es (Figure 1).

Table 5. Results of experiment design obtained from the
averages actual count

Estimated Coefficients
Factor (CFU/m3) P
FY TAM FY TAM
Intercept 255.67 522.90 - -
A (time of exposition) 15.55 47.29 0.6680 | 0.2971
B (distance to the TV) -134.23 -272.26 | 0.0031 | 0.0001
C (localization of the TV) | -172.42 -156.78 0.0001 | 0.0017

Note:
FY: fungi and yeasts; TAM: total aerobic mesophilic.

At the EG-LI site, a statistically significant difference
(p <£0.05) was observed for the FY concentration between
the two periods of the year and the concentration was
higher in the rainy season due to the increase in the
relative humidity of the air, a factor that is very important
for the sedimentation of fungal propagules. Among both
microorganisms groups (TAM and FY) also there were
statistically significant difference and the count of FY was
higher than TAM in all samples.

The Figure 5 shows the distribution of microbial air
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concentration at the EG-LI local and summarizes all
information obtained during the study, and with it two
factors were analyzed: operation of EG (turn on and
turn off) and distance from the Petri dishes according
theirs positions (0, 0.5 and 1 m). The formation of
isolines (concentric rings) of more intense color centered
surrounding the appliance is indicative of a higher
microbial concentration in that area.

EG turn off

EG turn on

RAINY SEASON

LITTLE RAINY SEASON

10
10
o
130
Hle
e
oo
0

o5 o2 25 3 35 4 Hasil 115 2 25 3 35 4 45 5L

Figure 5. Distribution of microbiological concentration in
the air (CFU /m3) on a local with the dimensions 6 x 4 x
3 m as well as an electrical generator (EG) of 47/51 kVA
in different year seasons (rainy and little rainy seasons).

Fungi - yeasts (a, b, e and f), total acrobic mesophilic (c, d,
g and h). The rectangle of dotted line represents the area

occupied by the EG in the room center

A similar behavior was observed regarding the increase
of the air microbial concentration both in the experiments
(EG turn on) and in the controls (EG turn off). This result
evidences that there is influence of the equipment during
its operation on the surrounding microbiota, probably
due to the density of the magnetic field (B) existing in its
vicinity or to the variation of aerodynamics that occurs
(due to differences in temperature and relative humidity)
when the EG is turn on. Although these variables
were not controlled during the “in situ” experiment,
their monitoring did not show statistically significant
differences.

Figure 6 shows the relative density of each microbial
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group. Filamentous fungi outpaced the yeasts (Figure
6a) and among the bacteria, cocci predominated over
the bacilli (Figure 6d). In the season of few rains the
concentration of the filamentous fungi decreased but the
yeasts increased (Figure 6c¢). It is important to highlight
the low percentage detected of Gram negative bacteria
(between 0 and 18%) as they are of great interest to public
health because of its possible pathogenicity. In the rainy
season (Figure 6¢) the highest percentage of isolated
bacteria were the Gram positive bacilli (59%) followed
by the Gram positive cocci (29%). However, in the little
rainy season no Gram negative cocci were found but the
count of Gram negative bacteria was tripled (Figure 6f).

W Gram negative cocci O Gram positive cocci B Gram negative bacilli

[ Gram positive bacilli &’ filamentous fungi B yeasts
Fungi Bacteria
21% a) 29% 3% d)
-
<
=
[©]
[
79% 11% 57%
12% b) 29% 6% e)
z
=]
2]
<
=
7
>
g
6% 59%
0% f)
o 27%
=
ol
=]
=
=
18% 55%

Figure 6. Relative density of the microbial concentration
detected in the air of a local with dimensions 6 x 4 x 3 m
as well as an electric generator of 47/51 kVA (turn on).
Fungi and yeasts (a-c); bacteria (d-f) that are part of the
total aerobic mesophilic group

A maximum colony count was obtained at the distance
of 0 m and 1 h (60 min.) of exposure. As it is known
within 3 cm of distance the televisions and computers
generate a magnetic field of 50 and 30 uT, respectively
2l With this result it is inferred that at densities less
than 50 pT the microbial attraction towards the dishes
is significantly lower than that observed in a similar
environmental study with 10 mT *”. In so far as Petri
dishes are located away from the emitter center the
incidence of the generated OMF density (B) by the
household appliance decreases ), so it is concluded that
the value of B should be at least the double (100 uT), ie of
the order of the militeslas (0.1 mT), to allow attraction of
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the existing aeromicrobiota in the indoor environment of
any place.

4. Conclusions

The 60 Hz magnetic field generated by home appliances
(0.01 to 50 uT) attracts many microbial colonies to the
Petri dishes placed at 0.5 m of them, but these amounts
are significantly lower than those attracted to 10 mT
as observed in previous studies. Inhibition halos were
formed by some bacterial colonies, a greater variety of
filamentous fungi and a greater formation and excretion
of pigments were observed in the Petri dishes that were
located closer to the emitting source of OMF. A large va-
riety of filamentous fungi was detected in the near of TVs
and computers, which should be taken into account for the
control of the microbiological quality of indoor air.

Acknowledgments

This investigation was made with the budget assigned by
the Ministry of Science, Technology and Environment,
Cuba (PCA- 2118025001) to execute the project to which
belongs this result; hence the authors acknowledge this
financial support.

References

[1] Bartra J. Mapa fingico y estudio multicéntrico de
sensibilizacion a hongos en Catalufa. Alergol Inmu-
nol Clin., 2003, 18(Extraordinario Num.3): 106-121.

[2] Diaz MJ, Gutiérrez A, Gonzalez MC, Vidal G, Zara-
goza RM, Calderén C. Caracterizacion aerobioldgica
de ambientes intramuro en presencia de cubiertas veg-
etales. Rev Int Contam Ambient., 2010, 26: 279-289.

[3] Rojas TI. Diversidad fingica en ambientes interiores
y exteriores en areas urbanas de ciudad de La Ha-
bana. Doctoral Thesis in Biological Sciences. Faculty
of Biology, Havana University, Cuba, 2011.

[4] Pasquarella C, Pitzurra O, Savino A. The index of
microbial air contamination. J Hosp Infect., 2000, 46:
241-256.

DOI: 10.1053/jhin.2000.0820

[5] Martinez M, Fernandez A, Molina E, Garcia R. Gru-
pos electrogenos y su impacto ambiental. Hig Sanid
Ambient., 2007, 7: 217-221.

[6] Gomez A. Analisis de la eficacia de las medidas
preventivas, correctoras y compensatorias de suelos,
hidrologia, ruido y patrimonio histérico para los
proyectos de autovias en Espaifia. Thesis of Doctor in
Sciences, 2007,
http://www.oa.upm.es/749/1/AdoracionGomezSan-
chez.pdf (Accessed July 24, 2014).

30 Distributed under creative commons license 4.0

[7] Llamo HS. Influencia de la disposicion de las fases
de una linea doble circuito en su impacto ecoldgico.
Campo magnético. Energética, 2006, 27(1): 3-8.

[8] Castro M, Perera RC, Pedrouzo J, Escobar A.
Mediciéon de campos electromagnéticos en redes de
distribucion: experiencias en Cuba. Energética, 20006,
27(1): 40-45.

[9] Curotto M, Magri S, Vidal M. Declaracion de impac-
to ambiental de grupos electrogenos de respaldo min-
era Michilla, en Mejillones, Chile, 2008. (Accessed
July 24, 2014):
http://www.e-seia.cl/archivos/R_01100715 SRK
MICHILLA CONAMA. .pdf

[10] Molina E, Cuba D. Contaminacion del aire interior
en un proyecto de viviendas con climatizacion cen-
tralizada. Rev Cubana Hig Epidemiol., 2006, 44(3):
12-16.

[11] Shelton BG, Kirkland KH, Flanders WD, Morris GK.
Profiles of airborne fungi in buildings and outdoor
environments in the United States. App Environ Mi-
crobiol., 2002, 68(4): 1743-1753.

DOI: 10.1128/AEM.68.4.1743-1753.2002

[12] Rodriguez GS, Sauri MR, Peniche I. Pacheco J.
Ramirez JM. Aerotransportables viables en el area
de tratamiento y disposicion final de residuos solidos
municipales de Mérida, Yucatan. Ingenieria, 2005,
9(3): 19-29.

[13] Pasquarella C, Sansebastiano GE, Saccani E, Ugolot-
ti M, Mariotti F, Boccuni C, Signerolli C, Fornari L,
Alessandrini C, Albertini R. Proposal for an integrat-
ed approach to microbial environmental monitoring
in cultural heritage: experience at the Correggio ex-
hibition in Parma. Aerobiologia, 2011, 27: 203-211.
DOI: 10.1007/s10453-010-9189-4

[14] Fraczek K, Gorny RL. Microbial air quality at Szcza-
whnica sanatorium, Poland. Ann Agric Environ Med.,
2011, 18: 63-71.

[15] Rojas TI, Aira MJ, Batista A, Cruz LC, Gonzalez S.
Fungal biodeterioration in historic building of Hava-
na (Cuba). Grana, 2012, 51: 44-51.

DOI: 10.1080/00173134.2011.643920

[16] Gent JF. Correlation of levels of house hold mold
with respiratory symptoms in infants. Alergol Inmu-
nol Clin., 2003, 18(Extraordinario Num.3): 112-113.

[17] Zhdanova N, Tugay T, Dighton J, Zheltonozhsky V,
Mcdermott P. Ionizing radiation attracts soil fungi.
Mycol Res., 2004, 8: 1089-1096, DOI: 10.1017/
S0953756204000966.

[18] Dadachova E, Casadevall A. Ionizing radiation: how
fungi cope, adapt, and exploit with the help of mela-
nin. Curr Opin Microbio., 2008, 11: 525-531.

DOI: 10.1016/.mib.2008.09.013

DOL: https://doi.org/10.30564/jasr.v3i3.2215



Journal of Atmospheric Science Research | Volume 03 | Issue 03 | July 2020

[19] Dadachova E, Bryan RA, Huang X, Moadel T, Sch-
weitzer AD. (2007) Ionizing radiation changes the
electronic properties of melanin and enhances the
growth of melanized fungi. Plos ONE, 2007, 2(5):
e457.

DOI: 10.1371/journal.pone.0000457

[20] Anaya M, Castro M, Borrego SF, Cobo HC. Influen-
cia del campo magnético sobre la calidad microbi-
oldgica del aire en interiores. Rev Soc Venez Micro-
bio., 2015, 35: 47-52.

[21] Jamieson KS, Jamieson SS. Electromagnetic phe-
nomena, microbial infection, charged oxygen and en-
vironmental air quality. In: Proceedings of VALDOR
(Values in decisions on risk), pp. 281-283. Congrex
Sweden AB/Informationsbolaget Nyberg & Co.,
Stockholm, Sweden, 14-18 May 2006.

[22] Henriquez D. Magnetismo, 2009, http://www.electro-
magnetismo221.blogspot.com, (Accessed Abril 15,
2012).

[23] Leach CM. Evidence for an electrostatic mechanism
in spore discharge by Drechsrela turcica. Phytopa-
thology, 1980, 70: 206-213.

[24] Shimizu K, Matsuda Y, Nonomura T, Ikeda H, Ta-
mura N, Kusakari S. Dual protection of hydroponic
tomatoes from rhizosphere pathogens Ralstonia sola-
nacearum and Fusarium oxysporum f. sp. radicis-ly-
copersici and airborne conidia of Oidium neolyco-
persici with an ozone-generative electrostatic spore
precipitator. Plant Pathol., 2007, 56: 987-997.

DOI: 10.1111/.1365-3059.2007.01681.x

[25] Kakutani K, Matsuda Y, Kimbara J, Osamura K,
Kusakari S. Practical application of an electric field
screen to an exclusion of flying insect pests and air-
borne fungal conidia from greenhouses with a good
air penetration. J Agric Sci., 2012, 4: 51-60.

DOI: 10.5539/jas.v4n5p51

[26] Takikawa Y, Matsuda Y, Nonomura T, Kakutani K,
Kimbara J, Osamura K. Electrostatic guarding of
bookshelves for mould-free preservation of valuable
library books. Aerobiologia, 2014, 30: 435-444.

DOI: 10.1007/s10453-014-9340-8

[27] Bogomolova EV, Kirtsideli I. Airborne fungi in four
stations of the St, Petersburg underground railway
system. Int Biodeter Biodegr., 2009, 63: 156-160.
DOI: 10.1016/j.ibiod.2008.05.008

[28] Awad AH, Mawla HF. Sedimentation with the Ome-
liansky formula as an accepted technique for quanti-
fying airborne fungi. Pol J Environ Stud., 2012, 21:
1539-1541.

[29] Borrego S, Lavin P, Perdomo I, Gémez de Saravia
S, Guiamet, P. Determination of indoor air quality in
archives and the biodeterioration of the documentary

Distributed under creative commons license 4.0

heritage. ISRN Microbiology, 2012.
DOI:10.5402/2012/680598

[30] Ellis MB. More Dematiaceous hyphomycetes. En-
gland: Commonwealth Mycological Institute, 1976.

[31] Barnett HL, Hunter BB. Illustrated genera of Imper-
fect fungi. 4th edn. Minneapolis: APS Press, 1998.

[32] Klich MA, Pitt JI. A laboratory guide to the common
Aspergillus species and their teleomorphs, Australia:
CSIRO, Division of Food Processing, 1994.

[33] Pitt JI. A laboratory guide to common Penicillium
species. 3rd ed. Australia: CSIRO, Division of Food
Processing, 2000.

[34] Abdel H, Ayesh AM, Abdel RM, Mawla HF. Fungi
and some mycotoxins producing species in the air of
soybean and cotton mills: a case study. Atmos Pollut
Res., 2012, 3: 126-131.

DOI: 10.5094/APR.2012.012

[35] Anaya M, Borrego SF, Cobo HC, Valdés O, Molina,
A. Aeromicobiota de un deposito de alimentos en La
Habana, Cuba. Augmdomus, 2014, 6: 95-110.

[36] Anaya M, Borrego SF, Gamez E, Castro M, Molina
A, Valdés O. Viable fungi in the air of indoor envi-
ronments of the National Archive of the Republic of
Cuba. Aerobiologia, 2016, 32: 513-527.

DOI: 10.1007/s10453-016-9429-3

[37] Terrés-Speziale AM. Manejo de la contaminacidn
ambiental intramuros por medio de la generacion de
iones aéreos electronegativos. Rev Mex Patol Clin
Med Lab., 2006, 53(1): 29-38.

[38] Chao HJ, Milton DK, Schwartz J, Burge HA. Dust-
borne fungi in large office buildings. Mycopatholo-
gia, 2001, 154(2): 93-106.

[39] Karbowska-Berent J, Gorny RL, Strzelczyk AB,
Wlaz A. (2011) Airborne and dust borne microorgan-
isms in selected Polish libraries and archives. Build
Environ., 2011, 46(10): 1872-1879, DOI: 10.1016/
j-buildenv.2011.03.007.

[40] Berg A, Berg H. Influence of ELF sinusoidal electro-
magnetic fields on proliferation and metabolite yield
of fungi. Electromagn Biol Med., 2006, 25(1): 71-77.
DOI: 10.1080/15368370600581947
Gao M, Zhang J, Feng H. Extremely low frequency
magnetic field effects on metabolite of Aspergillus
niger. Bioelectromagnetics, 2011, 32(1): 73-78.

DOI: 10.1002/bem.20619

[42] Cordero RJIB, Casadevall A. Functions of fungal
melanin beyond virulence. Fungal Biol Rev., 2017,
31(2): 99-112.

DOI: 10.1016/j.fbr.2016.12.003

[43] Rodriguez JC. Evaluacion aeromicrobiologica del
deposito del Centro de Documentacion del Museo
Nacional de la Musica de Cuba. Ge-conservacion,

DOL: https://doi.org/10.30564/jasr.v3i3.2215 31



Journal of Atmospheric Science Research | Volume 03 | Issue 03 | July 2020

2016, (9): 117-126.

[44] Borrego S, Perdomo 1. Airborne microorganisms cul-
tivable on naturally ventilated document repositories
of the National Archive of Cuba. Environ Sci Pollut
Res., 2016, 23(4): 3747-3757.

DOI: 10.1007/s11356-015-5585-1

[45] Borrego S, Molina A. Fungal assessment on store-
rooms indoor environment in the National Museum
of Fine Arts, Cuba. Air Qual Atmos Health., 2019,
12: 1373-1385.

DOI: 10.1007/s11869-019-00765-x

[46] Reanprayoon P, Yoonaiwong W. Airborne concentra-
tions of bacteria and fungi in Thailand border marker.
Acrobiologia, 2012, 28: 49-60.

DOI: 10.1007/s10453-011-9210-6

[47] Chen Y-P, Cui Y, Dong J-G. Variation of airborne
bacteria and fungi at Emperor Qin’s Terra-Cotta mu-
seum, Xi’an, China, during the “Oct. 1” Gold Week
period of 2006. Environ Sci Pollut Res., 2010, 17:
478-485.

DOI: 10.1007/s11356-009-0161-1

[48] Pinheiro AC, Sequeira SO, Macedo MF. Fungi in

archives, libraries, and museums: a review on paper

32 Distributed under creative commons license 4.0

conservation and human health. Crit Rev Microbiol.,
2019.
DOI: 10.1080/1040841X.2019.1690420

[49] Borrego S, Molina A. Behavior of the cultivable
airborne mycobiota in air-conditioned environments
of three Havanan archives, Cuba. Journal of Atmo-
spheric Science Research, 2020, 3(1): 16-28.

DOI: DOI: 10.30564/jasr.v3i1.1910

[50] Almaguer M, Rojas-Flores TI. Aeromicota viable de
la atmoésfera de La Habana, Cuba. Nova Acta Cienti-
fica Compostelana (Bioloxia), 2013, 20: 35-45.

[51] Almaguer M, Aira MJ, Rodriguez-Rajo FJ, Rojas
TI. Temporal dynamics of airborne fungi in Havana
(Cuba) during dry and rainy seasons: influence of
meteorological parameters. Int J Biometeorol, 2014,
58: 1459-1470.

DOI: 10.1007/s00484-013-0748-6

[52] Almaguer M, Aira MJ, Rodriguez-Rajo FJ, Fernan-
dez-Gonzalez M, Rojas-Flores TI. Thirty-four iden-
tifiable airborne fungal spores at Havana, Cuba. Ann
Agric Environ Med., 2015, 22: 220-225.

DOI: 10.5604/12321966.1152068

DOI: https://doi.org/10.30564/jasr.v3i3.2215



