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ANALYSIS OF FUNGAL BIOAEROSOL CONTAMINATION IN RESIDENTIAL
AREA AROUND A MUNICIPAL LANDFILL.
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ABSTRACT

Landfill is an open space where municipal solid waste is disposed. Insanitary and poorly managed landfill
sites can become potential threat for the people living around them. Such types of landfills provide
organic matter for growth of microorganisms which leads to pollution of air with harmful gases as well as
bioaerosols. Bioaerosols are fine biological particles suspended in air which contain fungal propagules,
bacteria, actinomycetes etc. The present study deals with investigation of culturable aeromycoflora. The
study was carried out in the year 2015-16 in the vicinity of Mulund landfill in Mumbai. The highest average
concentration of fungal bioaerosol was registered in monsoon season which is 1081 cfu/m® and the
lowest average concentration recorded in winter season (346 cfu/m3). The Aspergillus species was the
most abundant in the air. Other dominant species in the aeromycoflora were Penicillium, Alternaria,
Cladosporium, Rhizopus, Mucor, Trichoderma etc. The concentration of bioaerosol is positively correlated
with the Relative Humidity and Temperature.
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INTRODUCTION

The management of solid waste is a big problem for
Indian metro cities. Common practice of waste disposal
in India is open dumping of solid waste in the landfills of
the city. Dumping of solid waste on open landfill sites is
hazardous for public health. Generation of municipal
solid waste and facilities for management of municipal
solid waste is disproportionate, which leads to serious
environmental issues' . Every Indian citizen produces
0.2 kg and 0.6 kg solid waste per day. The average
waste generated in Indian cities amounting to about
1.15 lakh MT per day and 42 million MT annually. This
report also points that crunch of space in Indian cities,
policies of local bodies, insufficient SWM systems, old
technologies and unscientific disposal of MSW are
major challenges for solid waste disposal.” Degradation
of municipal solid waste in open landfill leads to pollution
of air, surface and ground water. Air surrounding these
landfills gets polluted by gases, odors as well as
biological contaminants which are known as
bioaerosols. Bioaerosols are fine biological particles
which include bacteria, fungal spores, algal fragments,
pollens etc.’. Organic material in the municipal solid
waste is reservoir of microorganisms. Due to high
moisture content in solid waste, microorganisms can
thrive well in solid waste; because of this it can be a
potential source of bacteria, fungi, endotoxins and
enterotoxins’. Fungal spores contributes large fraction
of bioaerosols. They are known to cause many
infections and allergies. Inhalations of fungal conidia is
main route of infection, other chances of fungal infection
include direct contact with eyes, skin, ears, etc. The
bioaerosol emission from insanitary disposal of solid
waste may give rise to various diseases like asthma,
lung mycosis, allergies, Hypersensitive Pneumonitis etc.
~. Various studies carried out at waste application
facilities, solid waste disposal centres and landfills
pointed out that the various activities related with MSW
disposal are responsible  for  microbiological
contamination of air. Among which fungi like Aspergillus

PHASE 3

SSHIT

! PRASAD
CIETY
S5#]

Mulund Landfill Site

fumigatus, Aspergillus niger, Penicillum, Candida
albicans, Yeasts and bacteria  (Micrococcus,
Enterobacter,  Staphylococcus aureus etc.) are

commonly reported groups of microorganism'>?",
Mumbai is economical Centre of India and capital of
Maharashtra state. It is a densely populated city
(population: 12.4 million as per 2011 census) situated
on West coast of India’. Mumbai generates average
7,025 metric tons (MT) of waste per day % The
municipal solid waste from the various parts of city is
collected by local municipal authority Municipal
Corporation of Greater Mumbai (M.C.G.M.) and
transported to landfill site where it is piled and leveled
off. Continuous deposition of municipal solid waste at
the landfill site causes air pollution. Accidental burning
of MSW because of high temperatures pose serious
issue of public health and consequently rise of public
protest against dumping of solid waste at the landfill
sites. Besides, microbiological contamination of air is
another issue which is neglected by local authorities of
India. The present investigation was aimed to assess
fungal bioaerosol contamination of air surrounding the
Mulund Landfill. This study provides a database of
fungal propagules prevalent in the vicinity of landfills
surrounded by residential areas.

MATERIAL AND METHODS

Area of study

Mulund is one of the suburb of Mumbai metropolis
(Coordinates: 19°10’18” N, 72°57°22”E) which is located
on the North side of Mumbai city. Mulund landfill site is
one of the two working landfills of Mumbai. The east
side of landfill is surrounded by Thane creek and
remaining three sides are surrounded with residential
areas. Total six Sampling Stations (SS) were selected
for the collection of air samples. SS # |, I, lll, IV and V
were located towards downwind direction approximately
500 to 600 m far from point source. The SS # VI was
located on upwind direction (Figure 1).

&
Thane Water
Treatment Plant

Figure 1
The map of Mulund landfill site showing
Sampling stations
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Collection of meteorological data

The Temperature and Relative Humidity of sampling site
was recorded by a portable digital device during air
sampling. The wind speed data were collected from the
website of Indian Meteorological Department time to
time (Table 1).

Collection of air samples

The air samples were collected fortnightly with
Biomerieux Sampl’air Lite Impaction Sampler which has
flow rate of 100 liter of air per minute. The Potato
Dextrose Agar (PDA) was used for enumeration of
culturable fungi. The sterilized media was poured in
sterilized 90 mm Petri dishes and carried to the
sampling site. After collecting samples, Petri dishes
were brought back into laboratory and incubated at 28°C
(x2) for 2-8 days.

Identification of fungi species.

Fungal colonies were counted and species were
identified using available standard literature 12 For
convenience of statistical analysis, the average readings

of air samples were taken in consideration. Positive hole
correction method was used to calculate colony forming
units per metre cube of air (cfu/ms) (Table 2, 3 & 4)

Statistical Analysis

Pearson correlation coefficient and Principal Component
Analysis (PCA) tests were applied to investigate relation
between meteorological factors and concentration of
fungal bioaerosols.

RESULTS AND DISCUSSION

In the present investigation, Aspergillus species is most
dominant in air. In monsoon season Aspergillus species
was registered maximum (79 %); while minimum in
summer season (66%) and moderate in winter season

(77 %) (Figure 2). Other dominant genera in
aeromycoflora were Penicillium, Alternaria,
Cladosporium, Mucor, Rhizopus, Fusarium and

Curvularia. These species were also commonly reported
in many research findings "*""

Rhizopus 204

Penicillium 3%

Mhuucor 1%

Cladosporium 20

Name of Species

Aspergillus

Alternaria

WINTER

20(4} -
= MONSOON

3%

' = SUMMER
72%
79%
0% 20% 60% 80% 100%

Percentage (%)

Figure 2
Abundance of some selected species
in different seasons

The concentration of bioaerosols showed fluctuation
throughout the study period. Highest average
concentration of fungal bioaerosol was registered in
monsoon in the month of July (1081 cfu/m3). Lower
average concentration of bioaerosols was reported in

winter in the month of January (346 cfu/m3) (Figure 3).
Our findings correspond to Roodbari et al. (2013), where
they reported mean total value of fungi concentration in
range between 1450-2890 cfu/m'® (Table 2 to 4, Figure
3)

This article can be downloaded from www.ijpbs.net
B-147



Int J Pharma Bio Sci 2017 July; 8(3): (B) 145-154

z 1200 1 10731081
3
g 1000 - 333 890
)
Enw—\ 800 -
-
= 5
= £ 600 00 558 535
= % 453 420 418 421 -
= af 346 = cfu/m
5 400 -
=
| .
)= 200 -
-
-
g 0 7
S 8 A C é
*"@ S $ “a‘"o°» o“*s*
Month
Figure 3
Monthly Distribution of Fungal Bioaerosols in
the vicinity of Mulund landfill
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Figure 4
Average concentration of fungal bioaerosol at
each sampling station.

Out of five downwind sampling stations, SS #3 reported
lesser concentratlon of aeromycoflora (500 cfu/m® in
summer, 785 cfu/m® in monsoon, 373 cfu/m® in winter)
which was located about 600 m far from point source.
Highest concentration of aeromycoflora was registered
at SS # 4 (1193 cfu/m® ) in monsoon, in winter hlghest
concentratlon was registered at SS # 5 (450 cfu/m®) and
590 cfu/m® in summer at SS # 2 (Figure 4). Cimmuto et

al. (2010) studied bioaerosol contamination in a landfill
processing site in Italy. According to their study the
concentration of fungi was higher in waste delivery
areas than the other places of waste sorting stations.
Many studies reported decrease in concentration of
bioaerosols in periphery of landfill sites, 50- 200m away
from the point source'* 1%
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Figure 5
Eigen Values of the fungal bioaerosol concentration data
correlated with meteorological factors.
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Figure 6
Biplot showing relation between
Observations and factors

Relative humidity and wind speed has positive
correlation with concentration of fungal bioaerosols in
the vicinity of landfill site of Mulund (Table5). Principal
Component Analysis test was applied to the data to
estimate correlation between meteorological factors and
concentration of fungal bioaerosols. The Eigen values

show that there is 96.97% cumulative variability in
relative humidity. It can be concluded from the Biplot of
observation and factors that the wind speed and relative
humidity has significant effect on concentration of fungal
bioaerosols (Table 1, 5 & 6, Figure1, 5 and 6).

This article can be downloaded from www.ijpbs.net
B-149



Int J Pharma Bio Sci 2017 July; 8(3): (B) 145-154

Table 1
Meteorological factors in the vicinity of Mulund landfill.
Month Temperature (°C)  Relative Humidity (%) Wind Speed
(m/s)
February'15 31.2 62 1.9
March'15 324 51 2.2
April'l5 36.1 71 1.9
May'15 37.5 73 2.2
June'15 324 92 2.8
July'15 33.0 79 3.1
August'15 32.0 80 3.1
September'15 33.2 82 1.9
October'15 35.0 72 1.7
November'15 34.0 70 1.7
December'15 324 65 1.9
January'16 32.0 59 1.9
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Table 2
Average Plate counts and concentration of airborne
fungi in summer season (cfu/m°)
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Table 3

fungi in Monsoon season (cfu/m®)
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Table 4

Average Plate counts and concentration of airborne

fungi in winter season (cfu/m’)

WINTER SEASON 2015

Oct-15 Nov-15 Dec-15 Jan-16
NAME OF FUNGI SAMPLING STATION # SAMPLING STATION # SAMPLING STATION # SAMPLING STATION #

| Il 1] [\ \'J Vi | Il 1] \4 Vv Vi | 1l 1] [\ \'J Vi | 1l 1] v \'J Vi
Zygomycetes
Mucor racemosus 1 1 2 0 0 1 1 1 2 1 1 1 1 1 0 1 1 1 1 1 0 2 2 1
Rhizopus stolonifer 1 2 0 1 0 1 0 1 1 1 0 1 0 0 1 0 1 0 1 1 0 0 1 2
Rhizopus oryzae 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
Syncephalastrum racemosus 1 0 0 0 1 0 0 0 0 1 1 0 0 0 1 1 0 0 1 1 1 0 1 0
Ascomycetes
Chaetomium funicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1
Chaetomium globosum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cladosporium spp. 2 2 1 1 1 0 1 2 0 0 1 1 2 1 0 1 1 0 1 1 1 0 1 1
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FUNGI IMPERFECTI

(NON-SPORULAIMG FUNGlysteile 0 0 1 0 1 1 1 o o o0 1 1 0o 1 1 0o 0 1 0 1 1 0 0o 1

fungus

yeast 2 2 2 4 1 3 2 1 1 3 2 2 1 2 3 1 2 1 0 0 4 2 0 0

Unidentified fungi 1T o0 o0 0 1 0 1 0 o0 0 0 1 0 o0 1 0 0 1 1 0 0 0 1 1

TOTAL 42 42 36 41 43 27 43 42 35 43 42 26 42 41 35 45 45 25 36 33 32 34 35 25
&‘f’:ﬁ;’;‘)"am" of fungal bioaerosols ,qq 460 390 450 470 290 470 460 380 470 460 270 460 450 380 490 490 260 390 350 340 360 380 260
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Table 5
Pearson Correlation matrix.
Variables concentration of fungal Temperature Relative humidity wind speed
bioaerosols (cfu/m3) (°C) (%) (m/s)

(cfu/m3) 1 -0.269 0.693 0.834
Temperature  -0.269 1 0.053 -0.348

RH 0.693 0.053 1 0.489

wind speed 0.834 -0.348 0.489 1

*Values in red colour are different from 0 with a significance level alpha=0.05

Table 6
Eigen values of bioaerosol concentration data correlated
with meteorological factors.

cfu/m3 temperature rh wind speed
Eigenvalue 2.437 1.060 0.382 0.121
Variability (%) 60.925  26.498 9.547 3.030
Cumulative %  60.925 87.423 96.970 100.000

CONCLUSION

The aeromycoflora around Mulund Landfill site
dominated with Aspergillus, Cladosporium, Mucor,
Rhizopus, Fusarium and Curvularia. There was a
periodic fluctuation in occurrence of bioaerosols was
observed throughout the study period. Monsoon season
is the most favorable season for the occurrence of fungi
in air. As per results of principal component analysis, the
wind speed and relative humidity has significant effect
on fungal bioaerosol contamination around the landfill
site.  The emission of bioaerosols in the air can be
lowered by covering waste piles. By using alternative
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