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Evaluation of Negative Air Ions in Bioaerosol
Removal: Indoor Concentration of Airborne Bacterial
and Fungal in Residential Building in Qom City, Iran
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Abstract—The present investigation was conducted to detect the
type and concentrations of bacterial and fungal bioaerosols in one
room (bedroom) of each selected residential building located in
different regions of Qom during February 2015 (n=9) to July 2016
(n=11). Moreover, we evaluated the efficiency of negative air ions
(NAISs) in bioaerosol reduction in indoor air in residential buildings.
In the first step, the mean concentrations of bacterial and fungal in
nine sampling sites evaluated in winter were 744 and 579 colony
forming units (CFU)/m®, while these values were 1628.6 and 231
CFU/m’ in the 11 sampling sites evaluated in summer, respectively.
The most predominant genera between bacterial and fungal in all
sampling sites were detected as Micrococcus spp. and
Staphylococcus spp. and also, Aspergillus spp. and Penicillium spp.,
respectively. The 95% and 45% of sampling sites have bacterial and
fungal concentrations over the recommended levels, respectively. In
the removal step, we achieved a reduction with a range of 38% to
93% for bacterial genera and 25% to 100% for fungal genera by
using NAls. The results suggested that NAI is a highly effective,
simple and efficient technique in reducing the bacterial and fungal
concentration in the indoor air of residential buildings.
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[. INTRODUCTION

N last decades, exposure to various indoor air pollutants has

been received public attention all over the world due to its
effects on human health. This increasing concern is due to
people who usually spend almost 90% of their time at indoor
spaces [1], [2]. Among the different enclosed spaces,
residential home is the most vital space because people spent
most of their time in this space [3]. Among the indoor air
pollutants, bioaerosol is one of the most important pollutants
so that its contribution is approximately 5-35% of indoor air
pollutants [4]. Bioaerosols are present in the atmosphere in
size of larger than 0.2 pm comprising of living organisms
(bacterial, viruses, fungal, protozoa) or compounds released
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from living organisms origin (pollen, spores, cell debris and
biofilms) that may be attached to particulate matter or not [5]-
[8]. Bacterial and fungal are the most dominant bioaerosols in
indoor environments. High concentration of airborne bacterial
is related to various adverse health effects such as allergies,
respiratory, and dermatological infections and diseases [9].
Moreover, there are many studies on fungal separated from
indoor environments which show that being in damp and
moldy indoor environments caused some health problems such
as respiratory symptoms, wheeze, cough, etc. [10], [11].
Therefore, it is important to study the concentration of
bacterial and fungal in indoors air. The fungal concentrations
suggested by the American Conference of Government
Industrial Hygienists were between 100 and 1000 CFUs/m’,
while the count for total bacterial should not exceed 500
CFUs/m® [12], [13]. The distribution and concentration of
indoor bioaerosols can be affected by some factors such as air
conditioning systems, ventilation, plants, resuspension of
particulate matter, indoor sources, temperature, and relative
humidity [3], [14].

With respect to the mentioned reasons, various researches
aimed at eliminating bacterial and fungal from indoor
environment such as restrooms have been carried out. These
techniques are spore infiltration using window air conditioner
[15], inhibition of growth by avoiding available moisture [16],
catalyst technology [17], portable vacuum systems [18],
plasma ion [19], disinfect indoor environments using UV
lights [20], etc. Furthermore, NAIs are one of the newest and
strong oxidants that can destruct the fungal and bacterial.
Tyagi and Malik [21] reported that NAls generator in a 93.75-
L chamber killed 45.5% in the first 4h and 58.6% after 12h of
Pseudomonas fluoresens. Arnold et al. [22] conducted a
laboratory reactor with a negative ionizer 7.6 cm above a
stainless ~ steel surface against bacterial including
Campylobacter jejuni, Esterichia coli, Salmonella enteritidis,
Listeria monocytogenes, and Staphylococcus and reached to
99.8% removal efficiency.

Nevertheless, up to now, all the studies that conducted on
removing of airborne bacterial and fungal with NAIs were
laboratory and small scale and no previously published
research could be found applying NAIs directly to removal of
indoor airborne bacterial and fungal in the real indoor spaces.
To cover this knowledge gap, we conducted a research to
survey the effect of NAIs in destructing of indoor airborne
bacterial and fungal in the residential buildings. Due to the
difficulty of the study, we limited the territory of research to
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the city of Qom, Iran. Thus, the main objectives of this
research were the following: (1) to evaluate the concentration
of indoor fungal and bacterial bioaerosol in the residential
building of Qom (2) to determine the predominant indoor
fungal spores and bacterial genera in the residential building
of Qom (3) to investigate the effect of characteristics of
buildings and some parameters of indoor air on concentration
of bacterial and fungal and (4) to determine the efficiency of
NAIs in removal of indoor bacterial and fungal in the
residential buildings.

II. MATERIAL AND METHODS

A. Site Description and Sample Collection

The present study was conducted in Qom city, the 8"
largest city in Iran. Qom (50.880N 34.640FE) is the capital of
Qom Province and located in center of Iran. It lies on the 125
km by road southwest of Tehran. Qom is one of the
industrialized and densely populated cities in Iran, with urban
population of over 1 million. Due to distance from the sea and
being situated in the vicinity of desert, this city has a dry and
warm climate. Summer season is extremely hot with

maximum temperature of 39.4 °C in July during daytime.
Winter season is cold with minimum temperature of -1.6 °C in
January. Annual rainfall averages are 125 mm which happen
between October to May, also, the precipitation varies 28 mm
between the driest month and the wettest month. Monsoons
create steady strong winds from December to April, but calm
winds from June to October [23].

Airborne viable bacterial and fungal were sampled before
and after the NAIs release from indoor air. All bioaerosol
samples (n=20) were collected from one room (bedroom) of
randomly selected houses located in different regions of Qom
during February 2015 (n=9) to July 2016 (n=11). Fig. 1
describes the study region. Samples were taken in one room of
each house, with an area of approximately 12-m”. All selected
houses were assessed in terms of age of building and mode of
ventilation. Also, humidity, temperature and concentration of
Particulate Matters (PM,o, PM; s and PM,) of indoor air were
evaluated during the sampling. During the experiments, all
windows and doors were closed. More details about each
sampling location are given in Table I.

SIS0 K EpES2T. SR SPSHIM. SN R1&rr i€
L L L 1 L L
—
P47 N # '— 5 ‘x\ 3eareN
£ . s d
ar — L
46" N ’ g 2 p =34E6TN
19 o p
4 4 s
4 ~ .
5NN Il 34545 N
I [
14
| . ; s
120 A
SN | . 15 & AR e
s T | Y ~ = . '
7 ., A ]
e Ty | 16 B 22
34243'0"" N :! -i/ J.f | - e ' L 340430 N
7T ool )
i F e '
LS 121 12 )
- -
_.~~A_ / [ L
349420 N A [ ’;9’ P ERE2N
] iy I.
' /| 17 -
7 6 ¢ "
y i . '
24541 N /' - 1.0 i =3EA1TN
y ] 8 :
‘ . !
i 4 11 . i
RESEINI ML i _//.’ = | =342 N
" o =
y T e RSN 23 |
i L [ /’ ” . - -, = " -
. ] }"‘: - " ‘\.\.‘
34°39"1" N ; /s T T S S 342390 N
S -. e
' 7 Ve Gos1 2 3 4
| O —— Kl Meters
L} - L - T T L - T
SSOWE S0°52'07E HESLVE S°36407E SPSHDE SO0 K

Fig. 1 Location of sampling sites in Qom City
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TABLE I
MAIN CHARACTERISTICS AND CONCENTRATION OF PARTICULATE MATTERS (PM) IN TWENTY SAMPLE SITES
Number Seasonl Age of building PM]z PMZ? PM](Z Re'la'tive Tem;zerature que 'of ,
of houses (Year) (ug/m’) (pg/m’) (pg/m’)  Humidity (%) (°C) ventilation
1 S 10 7.5 33 49 67 21 w
2 S 10 2.3 35 52 40 22 w
3 S 10 2.7 10 15 20 28 N
4 S 10 6.4 23 33 68 26 N
5 S 22 6.4 29 41 60 20 A
6 w 30 9.5 62 88 66 22 w
7 w 22 9.4 53 76 45 22 w
8 S 12 16.9 40 56 60 18 A
9 w 20 5.3 66 94 58 25 w
10 S 22 35 32 46 59 27 w
11 S 15 41.8 67 111 45 26 w
12 w 25 6.5 36 60 31 24 w
13 w 10 7.1 40 70 70 24 w
14 w 10 4.7 22 31 50 23 N
15 w 3 11.7 84 120 65 21 w
16 S 10 3 13 17 65 28 w
17 w 10 2.4 28 37 51 20 A
18 w 10 6.3 38 54 65 21 w
19 S 10 7.2 50 72 40 24 N
20 S 10 7.5 45 64 61 26 N

1. S: Summer, W: Winter
2. N: Natural (window opening), W: Water cooler, A: Air-Conditioning

B. Sampling Methods

Sampling was done by active method to collect indoor
bioaerosols. In the active method, we used QuickTake 30
sample pump equipped with the Bio Stage single-stage
cascade impactor (SKC, USA) including 400 holes. The pump
was set at flow rate of 28.3 L/min for 2 min [14] in the center
of each room at a height of 1.5 m above the floor and
sterilized with 70 % ethanol before the sampling [24]. During
the sampling period, temperature, relative humidity (RH) and
PM concentrations were also measured using portable
GRIMM dust monitors-models 1.108 (GRIMM Aerosol
Technik GmbH, Ainring, Germany) using light-scattering
laser method by the flow rate of 1.2 L/min [25].

Air culturable bioaerosol samples were collected onto Petri
dishes with 90 mm diameter. Tryptic soy agar (TSA) culture
media was used for airborne bacterial and Sabouraud’s
dextrose agar (SDA) for airborne fungal [26]. In addition,
cycloheximide (500 mg/L) was used as an antibiotic to prevent
bacterial growth in the fungal culture media and
chloramphenicol (100 mg/L) to inhibit fungal growth in the
bacterial media [24]. All collected samples were placed in zip
kips and transferred to the laboratory in cool box.

C.Determination of Bacterial and Fungal Bioaerosols
Concentration

To identify bacterial and fungal, plates incubated at 37 °C
for 2 days and 25 °C for 4-7 days, respectively [27], [28]. The
counts of bacterial and fungal in air sample plates were
corrected for multiple impactions using the positive hole
conversion method [29] and expressed as colony forming unit
per cubic meter of air in (CFU/m’). The bacterial genera were
recognized according to Bergey’s manual and biochemical

tests, while the fungal species were identified by using optical
microscopes at 100x400 magnification [30].

The bioaerosol’s CFUs enumerated are related to the
bioaerosol level in the indoor air in the active method by [30]:

C*1000

CFU/M’= =—
t*F

where C is the number of bacterial or fungal colonies, t is the
duration of sampling (min), and F is the flow of the pump
(L/min).

D.The Effect of NAls

For studying the antimicrobial efficiency of NAI in removal
of bioaerosols, we applied the NAI generator (Neotec, XJ-
2100) with several ionizing pins to provide the negative
charge to the air ions. Before using the NAI generator, UV
lamp was covered with aluminum foil to eliminate its effect.
The NAI generators were positioned at a height of 1.2 m
above the floor, and its independently-controlled fan was
turned on to increased air circulation. The removal
experiments were carried out in closed rooms (12 m* floor
areas), and ventilation was turned off. The continuous
concentration of NAI was maintained at about 10° NAI/cm’.
The portable ion counters (Air Ion Counter IC 1000, Ion
Trading, Tokyo, Japan) were used to record the ion
concentration in the room air. This can be explained through
the facts that the NAIs have short live with a typical lifetime
of 100-1000 s in clean air, so concentration remained almost
constant and their average concentration does not change [31].
Relative humidity and air temperature were recorded during
the experiments. Ozone concentrations were monitored with a
portable O; detector (PortaSensil, Ati, Collegevile, PA, USA)
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and the concentrations of ozone were detected in the ranged of
0.01-0.07 ppm when the NAIs generator was operating.

After sampling of the initial concentration of bacterial and
fungal in indoor air, NAI generator was switched on for 5
hours. After each particular time period (1, 2, 3, 4, and 5 h)
sampling of bioaerosols was carried out. The relative humidity
and air temperature were recorded after each hour. The results
of removal were demonstrated as percentage reduction
incolony in treated plates in relation to the untreated initial
plates.

E. Statistical Analysis

SPSS software version 20 was utilized for analysing the
experimental data. The normality of the data was evaluated by
Kolmogorov-Smirnov test. The concentrations of bacterial and
fungal were supposed as independent variable and were
described by minimum, maximum, mean, standard deviation
(SD), and median. On the other hand, the factors affecting
bioaerosol levels such as season (winter: W and summer: S),
temperature, relative humidity, particulate matter (PM)
concentrations, age of building and mode of ventilation
(Natural: N, Water cooler: W, Air-Conditioning: A) were
assumed as dependent variables. Linear regression was used to
assess the correlation between concentration of bioaerosols
and particulate matters. Then, Pearson correlation coefficient
was performed to determine the relationship among the
bacterial, fungal detected and dependent variables. P-values of

0.05 or less are accepted as statistically significant.

III. RESULT AND DISCUSSION

A. Environmental and Building Parameters

Environmental parameters such as relative humidity,
temperature, season, and particulate matters (PM)
concentration in 20 houses were measured during microbial
measurement. Also, some characteristics of building such as
age of building and mode of ventilation were recorded during

the sampling to estimate the influence of these parameters on
bioaerosol concentration. The result of these parameters was
summarized in Table I. Also, the results of the correlation
analysis are presented in Table II. It is apparent from this table
that the indoor concentration of bacterial and fungal were
influenced by season (P<0.0001) and relative humidity
(p=0.03), respectively. There was a positive correlation
between relative humidity and fungal concentrations (p=0.03),
while no significant correlation was found between relative
humidity and bacterial concentrations (p=0.72). The relative
humidity measured in the indoor air ranged from 20 to 70%,
which was upper the recommended comfort range (30-60%)
in 40% of houses [32]. Accordingly, it is suggested that the
concentration of fungal bioaerosols is closely associated with
relative humidity, and the relative humidity more than 70% is
optimal condition for fungal growth [33].

Although significant correlation was found between
bacterial concentration and season, but there was no
correlation between season and fungal concentration (p>0.05).
These results agree with the findings of other studies [34].
However, these results differ from the findings of Lee et al., in
which there was no difference in the bacterial concentrations
between summer and winter but total fungal concentration was
higher in the summer than in the winter [26]. Our results also
demonstrated that indoor temperature had no effect on the
bacterial and fungal concentration (p>0.05). This could be
attributed to more variation in the temperature and climate
during the year through the warm and cold seasons. It causes
to close the door and window in the most days of the year and
almost the temperature of indoor air is constant (23-25 °C)
over the year. These findings support the idea of Hussin et al.
who found that the indoor temperature had no effect on
airborne bacterial and fungal [35]. At the same time,
bioaerosol concentration was not affected by age of building
and ventilation (p>0.05).

TABLE II
CORRELATION BETWEEN ENVIRONMENTAL AND BUILDING PARAMETERS AND TOTAL BACTERIAL AND FUNGAL CONCENTRATION IN THE SAMPLE SITES

Temperature Humidity —Season PM, PM, 5

PM, Age of building Ventilation Total Bacterial Total Fungal

Temperature 1
Humidity 0.32 1
Season 0.18 0.69 1
PM10 0.42 0.51 0.12 1
PM2.5 0.30 0.43 0.11 0.0001 1
PM1 0.93 0.94 0.51 0.0007  0.02
Age of building 0.98 0.68 0.39 0.51 0.53
Ventilation 0.05 0.32 0.18 0.35 0.32
Total Bacterial 0.50 0.70 <0.0001 0.33 0.22
Total Fungal 0.82 0.03 0.11 0.58 0.71

0.84 1

0.92 0.12 1

0.17 0.75 0.4718 1

0.72 0.48 0.97 0.53 1
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Fig. 2 Linear regression plots of concentration of bioaerosols and particulate matters (PM)

As shown in Table I, PM,,, PM, s and PM, concentrations
ranged from 15-120.6 pg/m’, 10.5-84 pg/m’ and 2.3-41.8
pg/m’, respectively. These maximum levels of PM were
recorded in the site samples of 15 and 11 which could attribute
to heavy tobacco smoking and opium abuse in these houses. It
may be the reason for a rise in particulate matter counts
especially for smaller than 0.5 pm and also for larger diameter
particulate matters, furthermore, weak ventilation could be

responsible for high concentrations of particles [36]. To
examine the correlation among bacterial and fungal
concentration and PM concentration, statistical linear
regression analysis was performed. Fig. 2 showed that
regression coefficients were 0.13, 0.19, and 0.45 for PM,,
PM,s and PM,; concentration and bacterial concentration,
respectively. In addition, the regression coefficients for PM,,
PM, ;s and PM, concentration and fungal concentration were
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0.13, 0.08 and 0.08, respectively. Except for PM; and bacterial
concentrations, all regression coefficients were lower than 0.4
and there was no relationship between indoor bioaerosols and
particulate matters (PM). Indoor air may contain bioaerosols
(fungal, bacterial and allergens) and non-biological particles
such as dust, smoke, organic and inorganic gases and cooking-
generated particles. Therefore, according to the results of Hsu
et al., the low percentage of bioaerosols could be the reason of
low relationship between bioaerosols and particulate matters
[37]. However, bacterial concentrations and PM; were linked
by a significant linear relationship and a moderate correlation
which are consistent with the results of Paratet al.. On the
other hand, PM concentration should not substitute for
bacterial measurements because there is no definite
relationship between two parameters, and also, bacterial
concentration cannot predict with PM concentration in the
different sites [36].

B. Concentration of Bacterial and Fungal Bioaerosols

Table III shows the indoor concentration levels of bacterial
and fungal and their genus and species. All concentration
levels are based on colony forming unit per cubic meter
(CFU/m’). The numbers of bioacrosol detected in 20 rooms
(only bedrooms) of selected houses and reported as median,
mean+SD, minimum and maximum values. Number of the
samples is summarized as two groups of winter and summer
seasons.

The mean concentrations of detected bacterial and fungal in
the nine sampling sites evaluated in winter were 744 and 579
CFU/m’ and in the 11 sampling sites evaluated in summer
were 1628.6, 231 CFU/m’, respectively. The concentration
levels of bacterial in samples of winter ranged from 441 to
1219 CFU/m’ and in samples of summer ranged from 1007 to
2261 CFU/m’, respectively. These values for fungal
bioaerosols were found from 70 to 1978 (579.1) CFU/m’® in
nine samples of winter and 53 to 742 (231.3) CFU/m’ in 11
samples of summer. Comparable concentrations in a wide
range of concentrations found by other researchers, including
47-12341 CFU/m’ for bacterial concentration in residential
environments in Beijing, China [38], 103 CEU/m’ for bacterial
concentration in homes and 10-104 CFU/m’ in healthy and
moldy buildings for fungal concentration in Upper Silesia,
Poland [39] and 10-103 CFU/m’ for bacterial values and 10-

103 CFU/m’ for fungal values in Korean [26]. The maximum
concentrations of indoor bacterial recommended by Kowalski
[13] and American Conference of Governmental Industrial
Hygienists (ACGIH) [12] were 500 CFU/m’. Moreover,
indoor air concentrations of fungal recommended level
established by Kowalski and ACGIH were 150 and 200
CFU/m’, respectively [12], [13]. According to these values,
bacterial concentration was exceeded the recommended
concentrations in 95% of the houses, and fungal concentration
in 45% of the houses was more than recommended
concentrations (according to Kowalski recommendation). It
seems to be possible that these results are taken due to high
density occupancy, insufficient ventilation and air exchange
rates and also, high relative humidity and temperature [40].
The concentrations of bacterial and fungal in the indoor
samples in the different houses are shown in Fig. 3. In
accordance with the present results, previous studies have
demonstrated that the fungal concentration was lower than the
total bacterial concentration in all the indoor samples [14],
[30] which can be attributed to faster sedimentation of fungal
due to longer aerodynamic diameter and also the abundant
number of bacterial in natural resources such as soil and
vegetation [30]. On the other hand, the concentration of
bacterial in the sampling sites given in summer is significantly
higher than the ones in winter. The highest level of bacterial
concentration was observed in sampling site 1 and 11 (2226.1
CFU/m’) which could be due to the denser population, heavy
smoking, inadequate ventilation and high concentration of
PM, (41.8 pg/m’) (in sampling site 11). Results also indicated
that the total bacterial concentration in all sampling sites was
over the recommended level except sampling site 17 (441.7
CFU/m®). It may be due to correctly operated air-conditioning
system, limited activity of persons, low concentration of PM;
(2.4 pg/m’) and low temperature (20 °C) in this house than the
other houses. In case of fungal, the highest level of fungal
concentration was seen in sampling site 13 which can be
attributed to high relative humidity (70%) and existence of
many plant and flower pots in this sampling site. As you seen
in Fig. 3, in some sampling sites, the concentration of fungal
was exceeded the recommended level by Kowalski (150
CFU/m’).

TABLE III
THE CONCENTRATIONS AND SPECIES/GENUS OF BACTERIAL AND FUNGAL BIOAEROSOLS (CFU/M?)

Winter (n=9) Summer (n=11)
Min-Max Mean+SD Median Min-Max Mean+SD Median
Total Bacterial 441.7-1219.1 744+243.6 689.04 1007-2261.5  1628.6+425.8 1590.1
Micrococcusspp. 53.0-865.7 344.5+237 371.0 441.7-1766.8  1026.3+527.2 812.7
Staphylococcusspp. 176.7-759.7 335.7£182.5  282.7 53-1166 547.7+368 459.4
Bacillus spp. 0-35.3 19.6+13.8 17.7 0-70.7 40.1+25 53
Diphtheroids 0-88.3 11.8429.3 0 0-88.3 14.4+29.4 0
Total Fungal 70.7-1978.8 579.1+657 123.7 53-742 231.3£236.4 123.7
Aspergillus spp. 35.5-1766.8  451.5+590.7 106 35.5-706.7 184.7+247.7 70.7
Penicillium spp. 0-636 1124209 17.66 0-88.3 27.3+29.9 17.6
Cladosporium spp. 0-53 13.7£21.2 0 0-35.3 14.4+15.4 17.6
Syncephalostrum spp. 0 0 0 0-17.7 1.6+£5.3 0
Rhizopus spp. 0-17.7 2+5.8 0 0-17.7 3.247.1 0
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C.ldentification of Bacterial and Fungal Bioaerosols

Table II summarized the genus/species of bacterial and
fungal bioaerosols in sampling sites. The results showed that
the bacterial species and genus identified from the sampling
sites were Micrococcus spp., Staphylococcus spp., Bacillus
spp. and Diphtheroid where two genera of Micrococcus spp.
and Staphylococcus spp. have the most prevalent with almost
60% and 37% of the total detected bacterial, respectively (Fig.
4) and also, they were detected in all sampling sites. They
were consistent with those reported in Upper Silesia in Poland
and Ankara in Turkey [14], [39]. Furthermore, the third and
fourth dominant bacterial genera were Bacillus spp. (2.5% of
total bacterial) and Diphtheroid (1.1% of total bacterial) in
indoor environments in sampling sites. There is no difference

2500

2000

1500

1000

Concentration (CFU/m®)

between contributions of the bacterial genera in 11 sampling
sites evaluated in summer with nine sampling sites evaluated
in winter. In other studies, the same contribution of the
bacterial indoors was found, however, in different indoor
environments, the percentage of dominant bacterial was
difference. Fang et al. reported that the dominant indoor
bacterial in residential environments were Micrococcus
(26.74%), Bacillus (14.56%), Kocuria (12.66%), and
Staphylococcus (12.03%) [38] while Aydogduet al. detected
Staphylococcus (58.67%), Micrococcus (10.88%),
Corynebacterium (6.90%), and Bacillus (6.61%) as the
dominant indoor bacterial in child day-care centers in Turkey

[9].

B Bacrerial
[ Fungal

..... . Recommended level for
bacterial concentration
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1 2 3 45 810111619206 7 9 1213 141517 18
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Fig. 3 Concentration of total bacterial and fungal bioaerosols in the indoor samples in the different houses
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Fig. 4 Distribution of (a) bacterial and (b) fungal genera in indoor air in sampling sites

The occurrence of seven viable fungal genera was
recognized from the indoor air of sampling sites. There were

consist of Aspergillus spp., Penicillium spp., Cladosporium
spp., Syncephalostrum spp. and Rhizopus spp. which two most
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prevalent fungal genera were Aspergillus  spp.and
PenicilliumSpp.. The combined portion of Aspergillus spp.and
Penicillium Spp. was almost 95.5% of the total fungal in
indoor air of sampling sites. The individual portions of other
genus include of Cladosporium spp., Syncephalostrum spp.
And Rhizopus spp. were 3.6, 0.2, and 0.7% of the total fungal,
respectively. In accordance with the present results,
Aspergillus spp. were also the most predominant fungal genera
in the previously conducted study with a portion (of the total)
of 18.42% [35]. However, according to the study of Menteseet
al. and Bonettaet al., Penicillium spp. with the range of 23.8-
43.4% and 60-68% were predominant fungal genera in indoor
air [14], [34]. The Penicillium, Aspergillus and Cladosporium
identified in indoor air are recognised as possible causes of
many allergic and respiratory symptoms in humans who live
in contaminated buildings, and also, sick building syndrome
may attributed to Penicillium species [34].

D.Effect of NAls on Indoor Bacterial and Fungal Removal

Tables IV and V present the concentrations of bacterial and
fungal under NAIs application through 5 hours. As can be
seen, NAIs resulted in a reduction in concentrations of
bacterial with an average of 70% after 5 h. The NAIs removal
ranged from 38% in sample site 20 to 93 % in sample site 4.
Average removal of fungal concentration in indoor air in
sample sites was estimated 76.6% and ranged from 25% in
sample site 7 to 100% in sample sites 4, 11, 12, and 17. Fig. 5
shows reduction in colony number of bacterial and fungal
during 5 hours. Our results were similar to other studies of air
ion effects on bacterial. Tyagi et al. studied the effect of NAIs
against Pseudomonas fluorescens and saw the reduction of
45.5% in the first 4h and 58.6% after 12h in viability of
bacterial cells [21]. Furthermore, Arnold et al. applied a
negative ionizer 7.6 cm above a stainless steel surface and
reported that the Campylobacter jejuni, Esterichia coli,
Salmonella  enteritidis, Listeria  monocytogenes, and
Staphylococcus  were reduced with 99.9% and also,
Bacillusstearothermophilus was removed in 99.8% in 3 h with
NAIs [22]. In the fungal case, Shargawi et al. assessed the
effect of NAIs on Candida albicans growth by measuring the
area of the zone of inhibition generated around the electrode
of the ionizer and reported a significant increase in growth
inhibition [41]. Pratt et al. described that expositor to NAIs
caused about 80% reduction in the yield of penicillin in
cultures after seven day [42].

Several mechanisms were described for action of NAIs
which included the disruption of plasma membrane by
production of a strong electrical field, attraction of charged
airborne particulates by physical effect to grounded surfaces
such as walls and floors and electroporation acting as a
secondary role via generation of radicals such as ozone (O3),
hydrogen peroxide (H,0,), atomic oxygen (O or Oe-),
superoxide (O,*—), and hydroxyl radicals (OHe) [43], [44].
These reactive species dissolve to the moisture of cell surface
and diffuse into it, as well as, chemistry reaction with various
biomacromolecules could create the secondary radicals which
promote the reactive oxygen species level in cell and make

damage effects. The hydroxyl radicals OHe have most reactive
among reactive species which could damage to biological
molecules significantly. Relative humidity in the air also could
increase the production of hydroxyl radicals and hydrogen
peroxide and reduce ozone concentration [44]. Yu et al.
showed that production of hydrogen peroxide (H,O,) and
hydroxyl radical (OHe) was increased with relative humidity
elevated that leads to higher bacterial cell membrane damage
[45]. However, Fletcher et al. reported that principal cause of
cell death in the bacterial could be attributed to exposure to
ozone and Fan et al. revealed a high efficiency in combination
of ozone and NAIs on bacterial cell death [46], [47]. In the
present study, concentration of ozone was detected in ranged
of 0.01-0.07 ppm where we did not consider the effect of
ozone or combination of ozone and NAIls in reduction
efficiency of indoor bioaerosols, which might be a topic for
future study.

E. Distribution of Indoor Bacterial and Fungal after Using
NAls

Fig. 6 shows the distributions of bacterial (A) and fungal
(B) genera in indoor air in the different sample sites before
and after using NAls. In bacterial genera, the Micrococcus
spp. and Staphylococcus spp. were predominant in all sample
sites after using NAIs just like before. There was no
significant difference in the air bacterial distribution between
before and after using NAIs. However, Bacillus spp. was
removed completely in some sampling sites. Concerning
distribution of fungal in indoor air, Aspergillus spp. had the
most isolated airborne fungal after using NAIs and detected as
the only genus of fungal in sampling sites of 1, 2, 3, 7, 9, 18,
and 19. There were detected no fungal bioaerosols in sampling
sites of 4, 11, 12, and 17. Furthermore, Cladosporium spp. and
Syncephalostrum spp. were removed totally in all sampling
sites except in site 6 for Cladosporium spp.

IV. CONCLUSION

The present study was among the very few studies which
evaluates bacterial and fungal bioaerosol in indoor air in 20
sampling sites. Moreover, we assessed the efficiency of NAIs
in removal of bacterial and fungal bioaerosols in these
sampling sites. In the first step, bioaerosols detected from all
sampling sites, indicating that bacterial concentration was
strongly influenced by season (P<0.0001) and fungi correlated
with relative humidity (p=0.03). Because of using ventilation
in the most days of the year and constant temperature in
buildings (23-25 °C) over the year, there was no correlation
between indoor temperature bacterial and fungal concentration
(p>0.05). According the regression coefficients, no
relationship was find between indoor bioaerosols and
particulate matters (PM) (<0.4) except for PM, and bacterial.
The concentrations of indoor bacterial and fungal were higher
than recommended levels in 95% and 45% of the sampling
sites, respectively. It could be related to high density
occupancy, insufficient ventilation and air exchange rates,
high relative humidity and temperature. In all sampling sites,
Micrococcus spp. and Staphylococcus spp. and also,
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Aspergillus spp.and Penicillium Spp. have the most
predominant genera between bacterial and fungal,
respectively. In the second step, NAIs resulted in a maximum
reduction in concentrations of bacterial and fungal with 93%
and 100% after Sh. The reactive species generated by NAls
(ozone (O3), hydrogen peroxide (H,0,), atomic oxygen (O or
Oe-), superoxide (O,*—), and hydroxyl radicals (OH¢)) could
promote the reactive oxygen species level in cell and make

damage effects. On the basis of present results, it can be stated
that NAls is highly effective method and could be used as a
simple and more efficient technique in reducing the bacterial
and fungal concentration in the indoor air of buildings. Future
research can investigate about the other mechanisms of action
of NAIs and also, effect of ozone or combination of ozone and
NAIs in reduction of representative bioaerosols in residential
buildings.

(b)

Fig. 5 Reduction in (a) bacterial and (b) fungal colony number after using NAls during 5 hours

TABLE IV
THE CONCENTRATION OF BACTERIAL (CFU /M*) AFTER USING NAIS THROUGH 5 HOURS IN THE SAMPLE SITES
Number of Time (hours) Removal

houses 0 1 2 3 4 5 (%)
1 2226.1 759.7 1201.4 742.0 989.4 865.7 61

2 1272.0 1007.0 759.7 583.0 583.0 371.0 70

3 1007.0 830.4 477.0 424.0 3533 300.3 70

4 1766.8 530.0 353.3 176.7 176.7 123.7 93

5 1590.1 530.0 282.7 265.0 141.3 123.7 92

6 689.0 812.7 653.7 477.0 247.3 265.0 61

7 671.4 636.0 371.2 318.0 406.3 318.0 52

8 1943.4 1060.0 1007.0 229.7 477.0 335.7 82

9 547.8 441.7 300.3 2473 212.0 159.0 71
10 1537.1 477.0 335.7 282.7 194.3 159.0 89
11 2226.1 618.4 1289.7 795.5 1007.6 883.4 60
12 1219.0 936.4 706.7 530.0 530.0 318.0 73
13 1060.0 883.4 4773 530.0 406.3 3533 66
14 653.7 777.4 618.4 441.7 212.0 229.7 64
15 706.7 618.4 406.3 300.3 371.0 318.0 55
16 1766.8 989.4 936.4 176.7 512.3 424.0 76
17 441.7 335.7 194.3 141.3 106.0 53.0 88
18 706.7 530.0 406.4 406.3 282.7 2473 65
19 1537.1 1219/1 1272.8 1007.0 812.7 477.0 68
20 1007.0 989.4 636.0 742.0 742.0 618.3 38
Mean 70
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Percent (%)

Percent (%)

TABLE V
THE CONCENTRATION OF FUNGAL (CFU/M3) AFTER USING NAIS THROUGH 5 HOURS IN THE SAMPLE SITES
Number of Time (hours) Removal
houses 0 1 2 3 4 5 (%)
1 742.0 159.0 106.0 123.7 300.3 424.0 43
2 106.0 17.7 53.0 53.0 353 353 66
3 53.0 17.7 0 17.7 0 17.7 66
4 106.0 353 17.7 17.7 17.7 0 100
5 194.3 194.3 282.7 88.3 17.7 17.7 91
6 883.4 106.0 53.0 53.0 106.0 1413 84
7 70.7 53.0 353 17.7 0 53.0 25
8 123.7 53.0 53.0 353 353 353 71
9 106.0 0 35.3 353 70.7 353 66
10 194.3 17.7 17.7 353 0 53.0 72
11 88.3 88.3 35.3 353 17.7 0 100
12 123.7 17.7 17.7 353 17.7 0 100
13 1766.7 547.7 618.4 848.0 618.4 795.0 55
14 971.7 406.7 371.0 194.3 123.7 123.7 87
15 883.4 318.0 424.0 406.4 265.0 212.0 76
16 653.7 742.0 335.7 335.7 88.3 88.3 86
17 88.3 0 0 353 17.7 0 100
18 106.0 88.3 353 353 17.7 17.7 83
19 88.3 70.7 70.7 353 17.7 17.7 80
20 194.3 123.7 106.0 106.0 53.0 353 82
Mean 76.6
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Fig. 6 Distribution of (A) bacterial and (B) fungal genera in indoor air in the different sample sites (a) before and (b) after using NAIs
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