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The concentration and quality of microbes in urban atmosphere may affect human health and
environment. In recent years, interest in air microbiology has been focused on air sampling strategies,
indoor-outdoor distribution of microbes and climatic influences on microbial population. The weekdays
distribution of aeromicrobial load at public places is not well established. Moreover, the research on
airborne bacteria is under-acknowledged in India. In this study, air microbial load was estimated at two
locations, a public garden (PG) and traffic circle (TC) at Gwalior, Central India during weekdays The
average weekday bacterlal concentration at TC was found significantly higher (7120.48 cfu/m®) than at
PG (4804.76 cfu/m®). The distribution of bacteria during weekdays (Monday to Saturday) was interesting
as significantly higher bacterial load was found at TC than at PG. However, on weekend that is on
Sunday, significantly hlgher count was observed at PG than at TC. The average weekly fungal count
over TC (776.19 cfu/m® was also found higher than at PG (605.71 cfu/m®). During week days, fungi also
exhibited almost the similar distribution pattern as of bacteria at both sites. The correlation analysis of
microbial load with meteorological factors (temperature, humidity and wind speed) revealed statistically
non-significant effect. The study indicated that weekday variation in microbial load is mainly affected by

daily activities as compared to meteorological factors in urban environment.
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INTRODUCTION

Microorganisms are ubiquitous in the atmosphere but
their proportion varies according to the environmental
conditions and locations. Generally, a higher microbial
concentration is found in urban areas than surrounding
rural areas (Bovallius et al., 1978; Lighthart, 1997;
Shaffer and Lighthart, 1997). Many activities like traffic,
constructions and people gathering in urban areas
contribute largely to outdoor microbial load (Fang et al.,
2005, 2007). The concentration of airborne
microorganisms shows topological, geographical, diurnal
and seasonal variations. Airborne microbial quantity and
quality can vary with time of the day, year and location
(Abdel et al., 2009; Bovallius et al., 1978; Fierer et al.,
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2008).

Thus, their presence in air is a cumulative function of
the geographical locations, anthropogenic activities and
environmental factors (Burch and Levetin, 2002; Fang et
al., 2007; Tang, 2009). Environmental conditions such as
relative humidity (RH), temperature and wind velocity
exert significant effect on the type of population and
amount of microorganisms in the air (Harrison et al.,
2005; Jones and Harrison, 2004; Mouli et al., 2005).
Generally, microbes enter into atmosphere from natural
(vegetation and soil) and anthropogenic sources but their
survival and distribution depend on the cell structure of
microbes and meteorological conditions (Abdel et al.,
2009; Jones and Harrison, 2004; Lighthart, 1997). In
addition to the more predictable sources like vegetation
and soil, fecal material has also been found as an
unexpected source of bacteria in the atmosphere
(Bowers et al., 2011). Finally, the microbial concentration
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in the atmosphere relies on abundance of source and
factors controlling their release and dispersal from the
surface boundary layer (Burge and Rogers, 2000).

Many airborne microorganisms are either pathogenic or
can cause sensitiviies due to prolonged exposure
(Griffin, 2007). Airborne microbes attach to dust particles,
condense and enter human body directly via inhalation or
indirectly via ingestion of contaminated foods and water
(Gorbushina and Palinska, 1999) resulting in the
development of disease (Heldman, 1974). Airborne
bacteria can also affect visibility, climate and the quality
of life (Beggs, 2003; Griffin, 2007; Martiny et al., 2006). It
is important to know the distribution pattern of live
bioaerosols at different sites in the urban environment.
Therefore, to evaluate the potential for microbial air
pollution and other associated risks, current viable
microbial levels must be monitored. This study was
aimed at understanding the distribution pattern of
microbes in the air.

MATERIALS AND METHODS
Air sampling site descriptions

Air samples were collected from two different locations in Gwalior, a
historical city in Central India (longitude 78° 13’ E, latitude 26° 13’
N). The first location was a traffic circle (TC) near railway station
where traffic remains fairly steady throughout the day. Traffic
consisted primarily of auto rickshaws, cars, two wheelers and foot
traffic. The second sampling location was a public garden (PG)
located in the city which remained mostly free of automobile traffic.
The sampling time was selected from 0900 to 1100 h, a time when
people go to work. The garden site was selected as this remained
unaffected of traffic and other anthropogenic activities during
working days and during the weekend, there was moderate activity
of people who visited garden with families for entertainment.

Sampling procedure

Samples for microbial analysis were collected using MAS 100 air
sampler (Merck, Germany) from a height of 1.5 m from the surface
to simulate human breathing zone. Samples were collected once in
a day in duplicate for bacteria as well as fungi for regular seven
days in a week (mean values were used for statistical analyses).
Sampling was done at alternative weeks for three months during
May to June, 2010. A 50 L of air was sucked on standard 90 mm
Petri plates at each sampling. Petri plates were prefilled with 30 ml
of microbial content test agar (Difco Laboratories, Detroit, Misch)
containing (100 pg/ml cycloheximide (Sigma Chemicals Co, USA)
for total bacteria and rose bangal agar (Difco Laboratories, Detroit,
Misch) for total fungi. The plates were incubated at room
temperature for 48 h for bacterial count and for 5 to 7 days for count
and identification of fungi. Colonies were counted as per the
"positive hole" method described in the manufacturers operating
manual. The airborne bacterial and fungal concentrations were
calculated and expressed as colony forming units per cubic meter
of air (cfu/m®).

Meteorological data

Temperature, relative humidity (RH) and wind speed were recorded

at each location with handheld envirometer (Fisher Scientific,
Control Company, TX, USA). During the study, temperature ranged
between 28.6 and 41.5°C, RH ranged between 20 and 60% and
wind speed varied between 0 and 10.7 m/s.

Taxonomic identification

A representative number of bacterial colonies from each sampling
were selected on the basis of morphology, size, color and texture.
The colonies were purified to a single clone on tryptic soy agar
(TSA) plate using three way streaks. Isolates were subjected to
Gram staining and preserved on 0.3% brain heart infusion (BHI)
agar and 50% glycerol in tryptic soy broth (freezed at -86°C). The
isolates were identified using a BD Crystal Autoreader for the
identification of bacteria (Becton Dickinson & Co, MD, USA). Fungi
were identified based on their culture characteristics, sporulation
pattern and microscopic features.

Statistical analysis

Working days and weekend counts of bacteria and fungi were
compared using paired t-test. Relationship between microbial
counts and meteorological factors was examined by Spearman
correlation analysis. A probability of less or equal to P<0.05 was
considered significant.

RESULTS AND DISCUSSION
Distribution of airborne bacteria

A total 168 air samples (84 samples from each of the two
locations) were collected for bacterial analyses. The
count of culturable bacteria at TC was observed in the
range of 1560 to 17060 cfu/m® with an average count of
7120.48 cfu/m® (Figure 1). The average bacterial count
during working days (Monday to Saturday) varied
between 6456 to 8410 cfu/m® and weekend count was
3973.33 cfu/m®. The weekend bacterial concentration
was significantly lower than during the working days
(p<0.05). The bacterial load at PG site varied between
940 to 12260 cfu/m® with an average count of 4804.76
cfu/m®. The bacterial counts during working days
averaged between 6456 to 8410 cfu/m*” and the count at
weekend was 7580 cfu/m®. The weekend bacterial
concentration was significantly higher than counts on the
working days (P<0.05). The average weekdays bacterial
count at TC was significantly higher than at PG
(P<0.001). The weekdays distribution of microorganisms
was interesting as during working days higher bacterial
load was observed on TC compared to PG (P<0.0001),
whereas on weekend count was significantly higher at
PG than TC (P<0.05). Lower microbial concentration at
PG site may be due to less traffic and very little human
activities during working days. At weekend, count may be
high due to visit of families in garden. Human activities
including movement, rafting, desquamated skin scales,
sneezing and coughing are main contributors of elevated
viable bacterial concentration in air (Roberts et al., 2006;
Tham and Zuraimi, 2005). Therefore, lower concentration
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Figure 1. Weekly (Monday to Sunday) distribution of viable airborne bacteria at two different
locations. The line graph represents average count in cfu/m® of six weeks and bar represents

standard error of mean.

of bacteria was observed during working days and higher
count on Sunday at the garden. The great proportion of
Gram positive bacteria were observed from both the sites
in this study. A total of 83 and 91% Gram positive
bacteria were found at PG and TC sites, respectively. It
was previously demonstrated that Gram positive bacteria
have greater resistance and survival ability in atmosphere
than Gram negative bacteria under strong sunlight
(Shaffer and Lighthart, 1997).

A total of 29 species from 13 genera in 3 phyla
(actinobacteria, fermicutes and proteobacteria) were
identified from both locations (Table 1). The maximum
bacterial diversity was associated with TC as 19 different
species were identified whereas 16 species were
identified from PG. Acinetobacter, Bacillus, Micrococcus,
Microbacterium, Pseudomonas and Staphylococcus
species were recovered from both locations. Most of
these are either spore former or pigment producer or
bacteria with high guanine (G) and cytosine (C) content
because high G/C content DNA is more resistant to UV
damage relative to low G/C content (Singer and Ames,
1970). Air is more suitable for spores than vegetative
cells due to atmospheric stress like dryness, exposure to
day light, UV damage, temperature, chemicals, humidity
levels and oxygen (superoxide/peroxide/hydroxyl)
radicals. Sporulation enables the bacterium to survive in
the harsh environment. Cell wall pigment of bacteria also
provides resistance to solar/UV radiations (Setlow, 2001).
Bacillus, Micrococcus, Microbacterium, Pseudomonas
and Staphylococcus were previously reported as the
dominant bacteria in outdoor environments from different

parts of the world (Fang et al., 2007; Gorny and
Dutkiewicz, 2002; Gorny et al., 1999; Lighthart, 1997),
but there proportions differed from place to place
(Lighthart, 1997). This is mainly due to the characteristics
of local environment and human activities. Our results
also indicated that human movement or ftraffic
significantly affect the airborne microbial proportion.

Distribution of airborne fungi

A total of 168 air samples (84 samples from each
location) were also collected for fungal analyses.
Airborne fungi also exhibited almost the similar
distribution pattern round the week as shown by bacteria.
The fungal load at TC ranged from 220 to 1560 cfu/m®
with an average of 776.19 cfu/m® (Figure 2). The working
days count averaged between 760 to 1000 cfu/m?® and
weekend count was 466.67 cfu/m®. The weekend fungal
concentration was significantly lower from working days
(P<0.05). The load at PG site varied between 220 to
1020 cfu/m® with an average count of 605.71 cfu/m®. The
working days counts averaged between 503.33 to 653.33
cfu/m® and weekend count was 806.67 cfu/m®. The
weekend fungal concentration was significantly elevated
from working days (P<0.05). The average weekdays
fungal count over TC was found significantly higher than
PG (P<0.001). Thus, during working days higher fungal
load was observed at TC than at PG (P<0.0001),
whereas on weekend, higher count was found at PG than
at TC (P<0.05). Microbes in urban air are constantly
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Table 1. Airborne dominating bacterial species identified at two locations at Gwalior.

Bacteria

Acinetobacter baumannii
Acinetobacter sps
Aeromonas sps
Arthrobacter sps

Bacillus amyloliquefaciens
Bacillus cereus

Bacillus mycoides

Bacillus pumilus

Bacillus thuringiensis
Enterobacter aerogenes
Pseudomonas aureofaciens
Pseudomonas putida
Pseudomonas stutzeri
Pseudomonas syringae
Pseudomons aurantiaca
Bacillus lichenoformis
Paenibacillus assamensis
Listeria innocua
Enterococcus avium
Staphylococcus gallinarum
Staphylococcus cohnii
Staphylococcus saprophyticus
Xanthomonas sp.
Micrococcus lylae
Microbacterium barkeri
Microbacterium aurum
Staphylococcus aureus
Staphylococcus epidermidis
Micrococcus luteus

+ + + + + + + + +
+ 1

+ + +

stired up by daily automobile traffic and other
anthropogenic activities (Fang et al., 2005, 2007; Mouli et
al., 2005). This was confirmed by higher concentration of
both bacteria and fungi at TC which may be due to more
traffic and crowd than PG. The microbial (bacteria and
fungi) load at TC represented a specific pattern as higher
count was observed from Monday to Saturday and
significantly lower count on Sunday. The maximum count
was found on working days. In a recent study on diurnal
distribution of bacteria and fungi, a significantly higher
fungal load was observed during working day with
reference to weekend (Abdel et al., 2009). They also
observed the elevated bacterial concentration on Monday
but the difference was statistically insignificant. This can
be due to the small sample size as they selected only
Monday and Friday as sampling day in a week.

In the present study, we have identified 21 fungal
species belonging to 13 genera from both the locations
(Table 2). Maximum number of fungal species have been
isolated from TC (15 species) belonging to 11 genera.

From PG site, a total of 13 fungal species associated with
9 genera were isolated. Alternaria, Aspergillus,
Cladosporium, Curvularia, Drechslera and Fusarium were
common genera recovered from both sites. Alternaria,
Aspergillus,  Cladosporium and  Curvularia  were
dominated over TC, whereas Alternaria, Cladosporium
and Fusarium were dominated genera in the atmosphere
of PG. Outdoor exposures to airborne microbes are
associated with allergic respiratory symptoms, infection
and asthma related death (Dales et al., 2004; Peternel et
al., 2004). Many of the fungal species identified in the
atmosphere like Alternaria alternata, Aspergillus flavus,
Aspergillus niger, Penicillium citrinum and Fusarium are
common known to outdoor environment. However, these
may cause allergic reactions if present in higher number
(Horner et al., 1995). In a study from India, more than half
of viable airborne fungi were found allergenic in skin
prick test (Adhikari et al., 2004). The daily fungal spore
concentration is associated with increase in number
of emergency visit and hospital admission due to
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Figure 2. Weekly (Monday to Sunday) distribution of viable airborne fungi at two different
locations. The line graph represents average count in cfu/m® of six weeks and bar
represents standard error of mean.

Table 2. Percent distribution of airborne fungal species at two locations.

Fungi TC PG
Alternaria alternate 20.25 26.03
Aspergillus flavus 22.78 0
Aspergillus niger 1.27 5.48
Chaetomium indicum 2.53 0
Cladosporium cladosporioides 5.06 16.44
Cladosporium oxysporum 3.8 10.96
Cladosporium spaerospermum 6.33 2.74
Curvularia lunata 10.13 0
Curvularia pallescence 5.06 1.37
Drechslera australiensis 0 2.74
Drechslera rostrata 0 4.11
Drechslera tetramera 1.27 0
Fusarium moniliforme 0 2.74
Fusarium pallidoroseum 1.27 8.22
Fusarium solani 0 12.33
Neosartoria fischeri 0 1.37
Paecilomyces variotii 0 1.37
Penicillium citrinum 2.53 0
Phoma glomerata 1.27 0
Rhizopus 7.59 0
Trichothecium roseum 5.06 0
exacerbation in asthma attacks (Atkinson et al., 2006). fungi was found with temperature, relative humidity (RH)

and wind speed at both sites (Table 3). Spearman ‘r
ranged from -0.085 to 0.198 for temperature, -0.069 to -
Effect of meteorological factors 0.128 for humidity and -0.179 to 0.211 for wind speed. At
both sites, bacteria were negatively correlated with wind
A non-significant correlation of airborne bacteria and speed whereas, fungi were positively correlated. Their
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Table 3. Correlation coefficients (spearman ‘r’) showing the effect of meteorological factors on bacterial

and fungal concentrations.

Temperature RH Wind speed
PG Bacteria -0.064 -0.026 -0.012
Fungi 0.198 -0.0128 0.069
TC Bacteria -0.085 -0.069 -0.179
Fungi -0.013 -0.17 0.211

presence or entry in the atmosphere relies on availability
of source, their release and dispersal from the surface
(Burge and Rogers, 2000). During aerial dispersal, the
survival and amount of microorganisms in air depends on
meteorological conditions such as relative humidity,
temperature, UV radiation and wind velocity (Cox, 1966;
Jones and Harrison, 2004; Larson, 1973). The degree to
which these factors influence the survival of
microorganisms in aerosols depends strongly on the type
of microorganism and the time it has to spend in the
atmosphere. The quantity of microorganisms in air
depends somewhat on meteorological conditions such as
RH, temperature, UV radiation and wind speed (Cox,
1966; Jones and Harrison, 2004; Larson, 1973). The
relative water content of the air is supposed to be
important for survival of airborne microorganisms. A
sudden change in RH from a favorable low or high RH to
the more lethal intermediate RH range adversely affects
the microbial survival in air (Hatch et al., 1970). Wind
speed releases bacteria in air when it has to exceed a
threshold speed to remove material from a surface
whereas, at higher speeds bacterial concentrations may
become diluted (Jones and Harrison, 2004). However, in
this study, non-significant correlation of temperature,
humidity and wind speed was observed on microbial
concentration during week days. This may be due to the
seasonal aerobiological study and short sampling time in
this report. Previously, also in a similar aero-
bacteriological study of vegetable market at Jabalpur,
Madhya Pradesh, temperature and humidity were not
found as the major factors for generation and
aerosolization of airborne microorganisms in the
environment (Pathak and Verma, 2009).

Other factors like dwellers, transporters, services,
domestic animals, water spray and putrefactions were
found the major contributors in microbial concentration
(Pathak and Verma, 2009). The study concluded that
weekly distribution of microbes over garden and traffic
circle varied significantly between working days and
weekend, and is affected by weekday traffic and
anthropogenic activities on the sites.
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