
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	http://www.researchgate.net/publication/256229847

BIOMONITORING	OF	FUNGAL	SPORES	OF	A
RIVER	BANK	SUBURBAN	CITY,	KONNAGAR	AND
ITS	LINK	AND	IMPACT	ON	LOCAL	PEOPLE
HEALTH

ARTICLE	·	JUNE	2012

DOWNLOADS

162

VIEWS

106

2	AUTHORS:

Kavita	Ghosal

Bose	Institute

8	PUBLICATIONS			0	CITATIONS			

SEE	PROFILE

Swati	Gupta-Bhattacharya

Bose	Institute

66	PUBLICATIONS			419	CITATIONS			

SEE	PROFILE

Available	from:	Kavita	Ghosal

Retrieved	on:	23	July	2015

http://www.researchgate.net/publication/256229847_BIOMONITORING_OF_FUNGAL_SPORES_OF_A_RIVER_BANK_SUBURBAN_CITY_KONNAGAR_AND_ITS_LINK_AND_IMPACT_ON_LOCAL_PEOPLE_HEALTH?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_2
http://www.researchgate.net/publication/256229847_BIOMONITORING_OF_FUNGAL_SPORES_OF_A_RIVER_BANK_SUBURBAN_CITY_KONNAGAR_AND_ITS_LINK_AND_IMPACT_ON_LOCAL_PEOPLE_HEALTH?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_1
http://www.researchgate.net/profile/Kavita_Ghosal?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Kavita_Ghosal?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Bose_Institute?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Kavita_Ghosal?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Swati_Gupta-Bhattacharya?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Swati_Gupta-Bhattacharya?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Bose_Institute?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Swati_Gupta-Bhattacharya?enrichId=rgreq-f8cc666e-7e26-4af0-875d-9e006539418d&enrichSource=Y292ZXJQYWdlOzI1NjIyOTg0NztBUzoxMDI3NjQ4NDc4MjkwMDFAMTQwMTUxMjQ1NzQ3OQ%3D%3D&el=1_x_7


1

Today, most of the people suffer from seasonal
rhinitis, bronchial asthma, respiratory allergy and
related symptoms. We have learned from past issues
published in journals and also from daily experience
that airborne bio-particles play a significant role in
developing symptoms and mild to severe sufferings
from those. Fungal spores are one of the most common
airborne particles. Due to their presence in air almost
throughout the year, they pose burden on the
respiratory tract of human beings. A detailed
knowledge on the qualitative & quantitative prevalence
of aero-mycoflora of the area is therefore prerequisite
for effective management.

The presence of pollen grains and fungal spores in
the atmosphere of different geographical regions differ
depending on pollination seasons, fungal spore

liberation time, airborne pollen grains and fungal spore
concentration. So the susceptibility of people to certain
airborne fungal allergen changes with their seasonal
liberation time and also on meteorological parameters.
A heavy load of fungal spores in the air cause type- I
hypersensitivity to sensitive people. So in order to
find out the major fungal spores in summer, monsoon,
winter & spring are of great interest. Lots of works
have been carried out including India leading to the
identification of dominant fungal allergens. However,
little attention has been paid to this problem in the
Hooghly district, West Bengal as a result information
on air borne fungi is lacking from different part of this
area. In the present study, fungal spectrum of Konnagar
city has been evaluated for the first time using Burkard
personal sampler.

BIOMONITORING OF FUNGAL SPORES OF A RIVER BANK SUBURBAN CITY, KONNAGAR
AND ITS LINK AND IMPACT ON LOCAL PEOPLE HEALTH

KAVITA GHOSAL, PROF. SWATI GUPTA BHATTACHARYA

Today, most of the people suffer from seasonal rhinitis, bronchial asthma, respiratory allergy and related symptoms
airborne bio-particles play a significant role in developing symptoms and mild to severe sufferings from those. Fungal
spores are one of the most common airborne particles. Due to their presence in air almost throughout the year, they
pose burden on the respiratory tract of human beings. The presence of pollen grains and fungal spores in the
atmosphere of different geographical regions differ depending on pollination seasons, fungal spore liberation time,
airborne pollen grains and fungal spore concentration. So the susceptibility of people to certain airborne fungal
allergen changes with their seasonal liberation time and also on meteorological parameters. A heavy load of fungal
spores in the air cause type- I hypersensitivity to sensitive people. In the present study, fungal spectrum of Konnagar
city has been evaluated for the first time using Burkard personal sampler. A health survey report has also been made
containing different kinds of information regarding from their life style to sufferings of health. A one year calendar
showed 39 types of fungal spores prevailing in air like, Cladosporium sp., Aspegilli/Penicilli, Nigrospora sp.,
Periconia sp.,Chaetomium sp., Drechslera sp., Alternaria sp.These criteria were taken into account because regular
use of fuel such as coal, charcoal wood, mosquito coil or the direct / indirect smoking can cause increase intensity of
allergy / related symptoms. It was also intended to check the age range which is being affected by the respiratory
symptoms .From the above study and its related results (both aeromycological and health survey) it is clear that both
the fungal spores of allergenic significance and the way of living, (smoking habits, type of fuels and others) provoke
the local inhabitants to the respiratory symptoms. It seems that not only a single factor is the key one but a number of
factors are associated with the bigger one for raising allergy related hazards.
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The study area is a cosmopolitan suburban which
includes people of different class, religions and
society. The area has been divided into different sites
for the convenience of the study according to different
classes or society of people. The sites are denoted as
site-1, site-2, site-3 etc.

A health survey report has also been made
containing different kinds of information regarding
how people are suffering from seasonal changes, cold,
cough, fever, asthma, bronchial rhinitis, allergy; kinds
of fuel they use for cooking, number of people smoking
in a family, history of asthma, T.B., chicken pox ;
their economical status, their age etc.

Different types of comparative accounts in graphical
representation have also been made to identify the
actual causal organism regarding to hypersensitivity
(allergy), asthma or bronchial rhinitis.

Location of Sampling Site

Konnagar city in the Hooghly district is located
at 22.7°N 88.35°E. It has an average elevation of
14 metres (45 feet). Konanagar is positioned between
Rishra and Uttarpara on the Howrah-Bardhaman Main
Line and Grand Trunk Road. It is located on the west
bank of the River Hooghly. As of
2001 India census,[3] Konnagar had a population of
72,211. Males constitute 52% of the population and
females 48%. Konnagar has an average literacy rate
of 80%, higher than the national average of 59.5%:
male literacy is 84%, and female literacy is 77% [Ref:
http://en.wikipedia.org/wiki/Konnagar]

MATERIALS & METHODS

Samplers Used

12 months continuous monitoring during morning,
noon and evening were carried out using Burkard
Personal Sampler [Burkard Manufacturing Co. Ltd;
England] during November 2010 to December 2011.
It was installed on the  ground level of the sites of
Konnagar, Hooghly  where wild vegetation developed
around the locality. Slides, coated with petroleum
jelly was fixed on the Burkard Personal sampler for
trapping airborne particles. The resultant slides were
scanned thoroughly and different kinds of fungal

spores were identified (The British Aerobiological
Federation (1995). The 12 months’ counts were
averaged to get the daily concentration. The mean
concentration gave the weekly and monthly mean
concentration. The daily fungal concentration was
expressed as number of fungal spores per cubic meter
of air. The identification of airborne fungal spore was
done by comparing the fungal types with the reference
slides and by consulting the published literature.

HEALTH SURVEY

A survey was made at the project site- Konnagar to
examine the impact of seasonal change and related
symptoms on human health. Another important aspect
of this survey was to check out the effects of airborne
bio-particles especially fungal spores causing allergy
and asthma to susceptible persons. Besides the effects
of dust, mites, smoke the intention was to correlate
the results of bio-monitoring of 12 month long
aerobiological sampling containing data of different
fungal spores with the health report from the survey.
A questionnaire was made and about 200 people of all
the classes living around the locality of the project
sites were asked. In the study area Konnagar, Hooghly
six different localities have been selected for survey
where wild vegetations are grown within or along the
side of localities. The areas are denoted as study area
number: 1, 2, 3, 4, 5 and 6. The study area 1 and 2 are
inhabited with Muslims communities whereas study
area 3 and 4 are occupied by people of higher and
middle classes people and sites no: 5 and 6 are
occupied by dwellers mostly of lower class.

RESULTS

Aerobiological Sampling

The calendar showed 39 types of fungal spores
prevailing in air like, Cladosporium sp., unidentified
ascospores, unidentified basidiospores, Aspegilli/
Penicilli, Nigrospora sp., Periconia sp.,Chaetomium
sp., Drechslera sp., Alternaria sp., Coprinus sp.,
Ganoderma sp., Pithomyces sp.,and rust spores (Table
1). The seasonal fluctuation trends of spores except
for Cercospora, Coprinus, Pithomyces, Torula,
Tetraploa, Trichoconis, and Sporidesmium observed
in the study were in agreement with earlier survey

Kavita Ghosal, Swati Gupta Bhattacharya
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TABLE 1: FUNGAL SPORE FREQUENCY DATA

NAME OF FUNGUS SITE:1 SITE:2 SITE:3 SITE:4 SITE:5 SITE:6 Contribution to total
airbornefungi load mean
contribution in ( %)

1. Basidiospores 720 600 100 600 348 180 5.5
2. Ascospores 120 648 588 100 150 300 4.12
3. Aspergillus- penicillin group 200 96 200 125 600 348 3.39
4. Torula sp. 48 72 50 40 36 84 0.71
5. Periconia sp. 96 30 84 72 48 90 0.9
6. Alternaria sp. 100 48 84 72 50 40 0.84
7. Pithomyces sp. 50 48 32 60 84 50 0.7
8. Spegazzinia sp. 50 50 50 32 46 30 0.55
9. Tetraploa sp. 30 32 60 75 90 65 0.76
10. Drechslera sp. 32 40 20 37 15 42 0.4
11.Rust spores 222 250 340 600 550 660 5.66
12.Aspergillus ustus 200 360 235 289 400 348 3.96
13.Beltrania sp. 144 120 252 100 156 108 1.9
14.Bispora sp. 48 192 84 144 120 204 1.71
15.Cercospora sp. 120 96 144 168 180 195 1.95
16.Cladosporium sp. 150 245 200 289 317 315 3.27
17.Corynespora sp 252 276 336 192 228 324 3.47
18.Curvularia sp 180 144 204 312 384 492 3.71
19.Deightoniella sp. 216 324 312 168 160 444 3.51
20.Dwayabeeja sp. 30 132 60 156 324 312 2.19
21.Epicoccum sp. 288 96 204 192 240 360 2.98
22.Memnoniella sp. 30 20 132 108 120 156 1.22
23.Nigrospora sp. 156 192 300 420 504 468 4.41
24.Periconia sp. 144 300 288 336 420 480 4.25
25.Periconiella sp. 276 168 192 420 240 372 3.606
26.Pestalotia sp. 10 264 168 216 65 240 2.08
27.Phaeotrichoconis sp. 40 120 96 37 132 65 1.05
28.Trichoconis sp. 34 134 110 21 147 126 1.23
29.Chaetomium sp 156 245 288 78 421 362 3.35
30.Leptosphaeria sp. 90 115 78 135 98 146 1.43
31.Podospora sp. 19 156 35 140 98 156 1.3
32.Pleospora sp 59 82 36 19 173 184 1.19
33.Sporidesmium sp 68 91 156 53 126 194 1.48
34.Sporormia sp 135 187 64 217 250 274 2.43
35.Unidentified ascospores 36 45 48 65 32 59 0.61
35.Xylariaceae ascospores 64 184 117 174 247 358 2.47
36.Coprinus sp 164 200 241 254 312 453 3.51
37.Ganoderm sp. 203 304 309 354 176 345 3.65
38.Smut spores 253 221 182 198 274 351 3.19
39.Lasiodiplodia sp. 61 124 35 157 225 184 1.7
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reports from a similar outdoor environment (Vittal
and Krishnamoorthy 1981; Chakraborty et al. 2003),
(Das and  Gupta-Bhattacharya , 2011)

SEASONAL PERIODICITY

Monthly contribution of total and few dominant
viable and non viable fungal spore types recorded
over a period of one year are depicted graphically.
Four distinct seasons namely summer (March to May),
monsoon (June to September), post monsoon (October
to November), winter (December to February) have
been recognized in West Bengal. The temperature
fluctuates from 240-38°C during summer whereas 12-
27°C in winter. Annual average rainfall is about 1,582
mm per annum (June-September).

It has been reported earlier from the eastern region
(Satpute, Dutta and Rao, 1983) that airborne spore of
Cladosporium, Alternaria, Curvularia sp. were
abundant in Shillong. Baruah  and Chetia (1966) in
Gauhati recorded the presence of Cladosporium ,
Aspergillus, Penicillium, Curvularia, Alternaria,
Fusarium and Helminthosporium. Chakraverty (1974)
made a comparative study of fungal population around
Calcutta revealing that a total of 31 forms of spores
isolated & identified from the atmosphere of Calcutta.
Two out of them are from Phycomycetes (Mucor and
Rhizopus), two to Ascomycetes (Aspergillus &
Chaetomium)   and two are of fungi imperfecti. Some
of the “Sterile forms” occurring during the monsoon
were Cladosporium, Aspergillus, Penicillium,
Curvularia. Cladosporium spores were found to
represent 70% of the total during winter. During

summer various sp. of Aspergillus and Penicillium
were found to be very common. The other forms
consisted of Trichoderma, Fusarium, Humicola,
Chaetomium, Alternaria, Helminthosporium  etc. The
airborne fungal spores showed seasonal or even diurnal
variations. Seasonal variations were more significant
regarding the incidence of disease or allergic
symptoms. The incidence of Aspergillus fumigatus
and A. parasiticus was regular in Calcutta but not so
in the suburbs (Chakraverty,1974). Spores of
Aspergillus niger were very common round the year.
Penicillium spores also occurred in Calcutta and the
suburbs, e.g, P. rubrum, P. funiculosum, P. tardum
and  P. implicatum, the last one without seasonal
periodicity (Barat,1969). Two species of Curvularia
were found to be present in West Bengal.
Cladosporium  herbarum spores were recorded in the
air of Calcutta from November-February.
Helminthosporium was represented by H. sativum in
the air of West Bengal (Barat, 1969).

HEALTH REPORT

In health survey, the graph showing age group of
11-30 years was found to be more susceptible to
seasonal changes rather than the rest. The females
were more susceptible than males. It was noted that
there was a positive correlation between the peak
concentration of fungal spores and seasonal increase
of allergy. The type of fuels used may affect increasing
of allergy symptoms and respiratory troubles. Frequent
sneezing, coughing were in highest condition. All
data have been shown graphically for a better
comparison & analysis.

Kavita Ghosal, Swati Gupta Bhattacharya
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The graph showing that the age group ranging from
11-30 years show  susceptibility to  seasonal changes
whereas the age group (2-10) and (31-40) years
showing  about similar susceptibility but age group
41-60 years showing very little response to seasonal
change.

Females show more susceptibility to exposure of
seasonal changes than males and passive smokers are
more than active smokers. By comparing two above
graphs the result displaying that passive smokers and
females are the worst sufferer to allergy and related
symptoms.

Active & Passive Smoking Comaparative Graph Male Female Comparative Graph

Recent Symptoms Comparative Graph

Biomonitoring of Fungal Spores
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From health survey report, it is clear that people
suffer more in frequent sneezing and coughing along
with frequent respiratory trouble/allergy. Besides
these, there is a tendency of the symptom of eye
itching and redness to be associated with frequent
respiratory allergy. The graph also showing the
symptom of frequent breathing trouble is in much
more pronounced way where frequent sneezing and
coughing, frequent respiratory allergy symptoms are
in peaks in the graph.

The graph showing that people use kerosene in the
highest number of study zone whereas gas, charcoal
& gas+ kerosene are equal in number. Kerosene +
charcoal users are 2nd highest in position.

DISCUSSIONS

The Konnagar city at the bank of river Ganga has
been for first time unplugged in the context of local
microflora study in addition to the one year long
survey relating health hazards concerning respiratory
troubles. Many contexts have been taken into accounts
such as their life styles, number of people in families,
smoking habits, fuels they use, recent symptoms they
are facing, number & ratios of male –female, presence
of any factory near the locality etc. which showed that
they suffer from respiratory allergic symptoms,
sneezing, cough associated with fever, stomach ache
etc. So there was an intension to talk with local people
to verify their health problems correlating with the
increase of microspores such as fungal spores which
are highly potential causing severe asthma to type-1
hypersensitive allergy. These criteria were taken into

account because regular use of fuel such as coal,
charcoal wood, mosquito coil or the direct / indirect
smoking can cause increase intensity of allergy /
related symptoms. It was also intended to check the
age range which is being affected by the respiratory
symptoms. As the aim and objective was to determine
peak concentration of any airborne particles to the
area and to verify the seasonal intensity of allergy,
asthma, bronchial rhinitis of people with the seasonal
increased concentration of fungal spores, therefore
the survey report was made concerning the seasonal
intensity of allergy, asthma or bronchial rhinitis and
related symptoms with any congenital problem faced
by the person.

During the survey in six different sites it was
observed that sites number: 1 and 2 have the people
of minor community (Muslims) of middle and lower
middle class who are concerned about the allergic
symptoms and they visit local doctors if they often
face such problems. They have also the knowledge
of   healthy living, though they use coal, charcoal
wood and kerosene in addition to gas for their
cooking. The sites number: 3 and 4 have well
organized society belonging to higher and middle-
higher class., whereas the sites number: 5 and 6 are
mainly slum areas and colony inhabited by the people
of  lower status  including mostly the scavengers and
the local people work in factory or elsewhere. They
also face the allergic symptoms even in higher level
than the rest of the sites. Still they have poor
knowledge about the allergic problems or in other
way they are indifferent about the seasonal increase
of symptoms. They live in untidy conditions and are

Kavita Ghosal, Swati Gupta Bhattacharya
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not acquired with the sanitary knowledge. Thus from
the report on the survey on about 500 people,
comparative graphs on different aspects were produced
which clearly indicate the increase of intensity of
allergy related symptoms.

A good number of identified fungal spores have
been recorded from the study site which are known
for their allergenic properties causing respiratory
trouble up to type-1 hypersensitivity reactions. Such
as: Cladosporium, Aspergilli/Penicilli, Nigrospora,
Periconia, Chaetomium, Drechslera, Alternaria,
Coprinus, Ganoderma, Pithomyces, and rust spores
(Vittal and Krishnamoorthy 1981; Chakraborty et al.
2003, Das and Gupta-Bhattacharya ,2011)

So there is a chance of correlation between the
sufferings of people of the sites relating health hazards
with the seasonal increase of many fungal spores
dominating in the air with their allergenic properties.

CONCLUSION

From the above study and its related results (both
aeromycological and health survey) it is clear that
both the fungal spores of allergenic significance and
the way of living, (smoking habits, type of fuels and
others) provoke the local inhabitants to the respiratory
symptoms. It seems that not only a single factor is the
key one but a number of factors are associated with
the bigger one for raising allergy related hazards. A
detailed study of bio-monitoring at least of 2-3 years
are required to produce a fungal calendar of the site so

that dominating microfloras can be identified & it
could help for diagnosis by the doctors & pathological
labs and also for the social awareness of people for
the betterment of living.

REFERENCE

1. Barat, R.:1969.A study on microbial population in air. D.
Phil. Thesis, University of Calcutta

2. Baruah, H.K., Chetia, M.1966. Aerospora and allergic human
diseases: A study of fungal spores and pollen grains of
Gauhati. Ind.J. Exp. Biol., 4,236 British Aerobiological
Federation. 1995. Airborne pollen and spores: a guide to
trapping and counting. 1st edn. Kimberley Clark Ltd.
Larkfield.

3. Chakraborty, P., Gupta- Bhattacharya, S., and Chanda, S.
2003. Aeromycoflora of an agricultural farm in West Bengal,
India: A five-year study (1994-1999) Grana 42: 248-254

4. Chakraverty, R.1974. Fungi in air  and human allergy. J. Sci.
Club. , 28,83-106

5. Satpute M., Dutta B.K. and Rao R.R.1983. Contributions to
the Aerobilogy of Shilong. I. Studies on the Seasonal variation
of atmospheric pollen and fungal spores. Proc. Indian natn.
Sci. Acade.B49 No 6pp675-686

6. Sheldon, J. M., Lovell, R. G., & Mathews, K. D. 1967. A
manual of clinical allergy. Philadelphia: W.B. Saunders Co.

7. Stytis, D. P., Stobo, J. D., Fudenberg, H., & Wells, J. V.
1982. Basic and clinical immunology (4th ed., p.409).
Singapore: Lange medical publishers, maruzen Asia (pvt)
ltd.

8. Vittal, B.P. R., and Krishnamoorthy, K. 1981. Air spora of
an agricultural farm in Madras, India. Grana 20: 61-64

Biomonitoring of Fungal Spores



8

INTRODUCTION

Bio-aerosols are airborne particles that are living
(bacteria, viruses and fungi) or originating from living
organisms. Studies of airborne microbial populations
from indoor environments like houses, offices,
hospitals, animal houses are becoming increasingly
important because of the adverse health effects
associated with bioaerosols or bioallergens as people
spend more time indoors than outdoors. The fungal
spores are the pre-dominant allergens in air of indoor
environment and have been regarded as detrimental in
causing health hazards. Bioallergens are the main
respiratory allergens with biological origin with
reports of possible onset of respiratory disorders after
hyper sensitization of various genera of fungi. In
particular the different strains of Aspergillus seem to
be chiefly involved in genesis of asthma, allergic
alveolitis, headache, dizziness, ophthalmic problems,
skin injuries, systemic disorders in gastro-intestinal
tract, cardio-vascular, respiratory, nervous system and
some types of cancer 1-3.

Sampling and analysis of airborne microorganisms

has received attention in recent years, with bio-
aerosols contributing 5-34% of indoor air pollution 4,

5. The concentrations and types of air borne micro
fungi in the indoor atmosphere are affected by several
environmental factors, the meteorological parameter
such as wind, humidity, temperature and rainfall affect
largely, vary greatly by growth number (CFU/m3),
strains, production of mycotoxins or aflotoxins of
microbes with seasonal variations. The transport and
the ultimate settling of a bio-aerosol are affected by
its physical properties and the environmental
parameters that it encounters. The environmental
factors like magnitude of air currents, relative humidity
and temperature determines the physical
characteristics of aerosols like size, density and shape
of droplets6. Hence a study was conducted to analyze
the effect of seasonal variations and meteorological
factors on the distribution of Aspergillus species in
indoor air of rabbit house.

MATERIALS AND METHODS

The Hessaraghatta village situated 10km away from
Bangalore city was selected as site for sampling (Fig.

EFFECT OF SEASONAL VARIATIONS AND METEOROLOGICAL FACTORS OF
ASPERGILLUS SPECIES IN RABBIT HOUSE

PAVAN.R* AND MANJUNATH.K

DEPARTMENT OF MICROBIOLOGY AND BIOTECHNOLOGY, BANGALORE UNIVERSITY, BANGALORE 560 056, INDIA

CORRESPONDENCE : *E-mail: pavanrgowda@rediffmail.com

An analysis was conducted to determine the mycoflora of rabbit house in relation to meteorological factors and
seasonal distribution in Hessaraghatta village, Bangalore by using Anderson two stage viable sampler from January
2011 to December 2011. A total of 32 types of fungal species were isolated from indoor air of the rabbit house with
total CFU’s of 38710.06 CFU/m3.The sampling showed the prevalence of Aspergillus species with 1897.8 CFU/m3 A.
carbonarius, A. flavus, A .fumigatus, A. niger, A. terrus and A. versicolor are the different species of Aspergillus
recorded. The variations in concentration levels of these Aspergillus species were recorded and found to be 708.13
CFU/m3 in summer, 793.13 CFU/m3 in winter and 396.54CFU/m3 in rainy season. Our result demonstrated the
variations in distribution of Aspergillus species with directly correlating to seasonal variation and meteorological
factors.

Key words: Indoor air, Anderson Sampler, CFU, Meteorological factors, Seasonal variations, Health hazards.

Indian J. Aerobiol., Vol 25, No. 1, pp 8-14 (2012)
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1). Indoor air samples were collected on monthly
interval over a period of 12 months from January
2011 to December 2011. Andersen two stage viable
sampler was placed in the center of the rabbit house,
1.5 m above the ground level. Malt Extract Agar
(MEA) was used as sampling medium. Air flow was
28.3 L/min during sampling and the sampling time
was limited to 5 minutes 7, 8.

Horticulture Research (IIHR), Hessaraghatta,
Bangalore (Table. 1 and Fig. 2). The indoor air
sampled plates were incubated for 5 to 7 days at room

Fig. 1: Sampling site of the Hessaragatta village

The meteorological data such as temperature,
relative humidity and rainfall were collected from the
Department of Statistics, Indian Institute of

Table. 1: Meteorological Data (January 2011 – 2011
December 2011)

2011 Temperature OC Relative Wind Rainfall
humidity % speed mm

km/h
Month Max Min I II
Jan 27.8 12.7 89.9 41.3 4.8 Nil
Feb 29.5 13.6 87.0 39.2 4.8 16.6
Mar 32.9 16.4 85.0 33.0 5.1 Nil
Apr 32.6 20.2 89.3 38.9 4.5 57.4
May 32.1 19.9 90.0 10.0 5.0 126.0
Jun 29.1 19.5 94.0 48.0 9.0 30.0
Jul 27.8 19.3 94.0 53.0 7.6 95.8
Aug 27.3 19.3 94.0 55.0 6.4 253.2
Sep 28.0 18.9 94.0 51.0 5.8 59.7
Oct 28.6 19.2 93.0 51.0 2.9 122.6
Nov 26.6 15.9 89.0 53.0 4.8 38.0
Dec 26.9 14.4 91.0 52.0 4.5 5.2

Fig. 2: Monthly average temperature, humidity, wind speed and rainfall recorded in Hessaragatta locality, Bangalore from January
2011 to December 2011.

Effect of Seasonal Variations and Meteorological Factors
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temperature between 250C to 300C and morphological
characteristics were observed microscopically with
strain determination. The results for each stage of the
sampler were expressed as colony forming units (CFU)
per cubic meter (m3) of air and total concentration
was obtained by adding the CFU/m3 from each plate.

STATISTICAL ANALYSIS

One way ANOVA and Pearson correlation was
used for determining the coefficients between CFU/
m3 and meteorological data (temperature, rainfall,
wind speed and relative humidity) and the significant
differences were expressed at 0.05 and 0.01% level of
significance.

RESULTS

The indoor air sampling from rabbit house in
Hessaraghatta village, Bangalore showed a total of 32
types of fungal species with total CFU’s of 38710.06
CFU/m3. The sampling showed the prevalence of
Aspergillus species with 1897.8 CFU/m3 and A.
carbonarius, A. flavus, A. fumigatus, A. niger, A.
terrus and A. versicolor are the different species
recorded.

The distribution of total monthly indoor CFU
numbers and monthly CFU numbers for six Aspergillus
species according to monthly average values (MA)
and sampling day’s average values (SDA) for
meteorological factors were statistically analyzed by
one way ANOVA and Pearson’s correlation methods
and are as represented (Table.2 and Table.3).

A. niger and A. fumigatus are distributed throughout
the year with highest distribution of 424.86 and 424.88
CFU’s/m3. A. carbonarious and A. flavus found to be
distributed mainly in winter when compared to summer

and rainy season with CFU’s of 339.91 and 297.41
CFU/m3 respectively whereas, A. versicolor
distribution was irregular and scanty with 240.79
CFU’s/m3 with total absence in rainy season and A.
terrus showed very low CFU’s of 169.95 CFU/m3

distributing maximally in summer with total absence
in winter (Fig. 3).

The distribution of organisms varied with
temperature change. At higher temperature the total
organism distribution was slightly more. During
February to August when the temperature was higher
(more than 35oC) the CFU’s reached maximum of
1161.33 CFU/m3 and when the temperature was lower,
32oC between September to January the CFU’s
reduced to 736.47 CFU/m3

. With higher relative
humidity the distribution of organisms during June to
October was lesser and found to be only 552.33 CFU/
m3. The colony count got gradually increased to
1345.47 CFU/m3 with lower relative humidity between
November and May. In the present study the wind
speed showed less impact on the distribution of
organisms with less variation in their CFU’s. Almost
during the months from May to October with higher
wind speed, the distribution of organisms seems to be
lesser with 764.76 CFU/M3 and at lower wind speed
between the months November to April the organism
number was more with 1133.04 CFU/m3. During the
maximum rainfall period from June to October
distribution of organism was found to be lesser (552.33
CFU/m3) and became higher (1345.47 CFU/m3) at
minimum rainfall periods from November to May
(Fig. 4).

DISCUSSION

The varied distribution of Aspergillus species for
total monthly and monthly indoor CFU number

Pavan.R, Manjunath.K

Table. 2: Descriptive Statistics showing mean value of colony forming units for six Aspergillus species

Organisms Total CFU/m3 N Minimum/Maximum Mean ± SD

A. carbonarius 339.91 6 28.32/84.98 56.65±23.70
A. flavus 297.41 8 14.16/99.15 37.17±27.23
A. fumigatus 424.88 9 28.32/70.82 47.20±17.34
A. niger 424.86 11 14.16/184.13 38.62±49.10
A. terrus 169.95 4 14.16/70.82 42.48±25.86
A. versicolor 240.79 3 70.82/99.15 80.26±16.35
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Fig. 3: Seasonal variations in CFU numbers of Aspergillus species from January 2011 to December 2011.

Fig. 4: Distribution of the monthly mean indoor CFU’s of Aspergillus species during the studied period January
2011 to December 2011.

significantly justifies the involvement of seasonal
variations and meteorological factors. The release of
fungal spores from the indoor environment was found
to be driven by the energy from external sources and

is significantly affected by environmental factors 9, 10.
In the present study, a varied distribution of all the six
species of Aspergillus was recorded throughout the
year. The aerosolization of all the six Aspergillus

Pavan.R, Manjunath.K
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fungi was found to be higher in summer when
compared to winter and rainy season. The major cause
for this spore release may be due to the air currents
prevailing in the indoor environment, at higher
temperatures during summer season causing spore
detachment and dispersion 11. Another principle
physical factor affecting the dispersion of spores in
indoor environment is the wind speed 12. The release
of spores from different fungal species is mainly a
function of air velocity so that the velocity increase
causes increase in the spore release rate 13. But in the
present study the organism distribution was found to
be lesser during the increased wind speed. Pasenan et
al., 13 reported that the air velocity required for the
spore release is an independent factor and is solely
dependent on each fungal type. The presence of
organism spore was lesser during high humidity and
rainfall period. The release of spores gradually got
decreased by showing variation in distribution under
wet conditions 14 and this release of spores from the
wet wall differs for different fungi under identical
conditions 15.

The distribution of Aspergillus species in indoor
air of rabbit house plays a significant role as these are
highly contagious and are involved in causing several
health disorders. In the present study it is seen that the
organism A. fumigatus and A. niger are distributed
throughout the year and especially A. fumigatus is
present in higher quantity. This seems to be the serious
condition where these two organisms are the principal
etiological agents of invasive Aspergillosis 16, 17.
Pulmonary infection may easily occur in susceptible
persons when they inhale A. fumigatus spores 18. This
is the second important pathogenic fungus following
Candida albicans and its toxins might directly cause
damage to human body or decrease immunity of human
body 19. A. fumigatus is also a great hazard to animals,
for example, its toxins might cause equine
leucoencephalomalacia in horses, and respiratory
diseases in rabbits and quails 20.The mycotoxins
released from the Aspergillus species are considered
as established biological occupational carcinogens
capable of causing liver and lung cancer. A. versicolor
and A. carbonarious are potent organisms for the
secretion of a mycotoxin called Ochratoxin, possible
potential human carcinogen.

Our present study clearly demonstrates the possible

risk of the presence of Aspergillus species the main
causative agent and deals with the variations in their
distribution at different seasons. This information
easily enables to frame the indoor environmental
conditions to come out of these pathogenic infections.
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INTRODUCTION

Nanotechnology has gained a great deal of public
interest due to the needs and applications of
nanomaterial in many areas of human endeavors such
as industry, agriculture, business, medicine, public
health and many others. Nanotechnology includes the
integration of these nanoscale structures into larger
material components and systems, keeping the control
and construction of new and improved materials at the
nanoscale1.  Nanoparticles are in the forms of metal
nanomaterial, such as gold and silver nanoparticles,
metal oxide nanomaterial, such as titanium dioxide
and zinc oxide, Carbon nanomaterial like fullerenes
and nanotubes, Quantum dots such as cadmium
telluride and cadmium selenide2. Zinc is an important
factor in the metabolism of neurotransmitters,
prostaglandins, and for maintaining brain structure

and function. Because zinc is necessary in the
metabolism of melatonin, it can be assumed that zinc
is a very important factor in the treatment of attention
deficit and hyperactivity disorder (ADHD)3,4,5. The
present study is an attempt to synthesize the zinc
nanoparticles from Aspergillus niger and to find its
inhibitory effect on various clinical pathogens
procured from local Hospital by minimum inhibitory
concentration (MIC) and well diffusion methods.

MATERIALS AND METHODS

Collection of samples

Clinical isolates of Escherichia coli, Klebsiella
pneumoniae, Shigella dysenteriae, Salmonella typhii,
Proteus mirabilis were procured from Government
Hospital, Hosur, Dist-Krishnagiri, Tamilnadu, India

BACTERICIDAL ACTIVITY OF ZINC SULPHATE BIO-NANOPARTICLES SYNTHESIZED
FROM AIRBORNE FUNGI AGAINST ENTEROBACTERIACEAE PATHOGENS

ANIMA NANDA AND RAGHAVAN M#
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In order to find out the solution to prevent the growth of antibiotic resistant bacteria as well as the clinical isolates of
enterobacteriaceae family pathogens, zinc sulphate bionanoparticles were synthesized from one of the airborne
allergenic fungus viz., Aspergillus niger isolated from indoors of the MGR College, Hosur, TN, India during 2010.
Antibacterial assay of such zinc nanoparticles were analyzed against enterobacteriaceae pathogens i.e., Escherichia
coli, Klebsiella pneumoniae, Shigella dysenteriae, Salmonella typhii and Proteus mirabilis through minimum
inhibitory concentration and well diffusion methods. For the present study, clinical isolates of above said bacteria
were obtained from Government General Hospital, Hosur, TN and later confirmed by various biochemical
observations. Inhibition of pathogenic organisms was found in all the tubes from 1:2 to 1:512 dilutions. Zinc
nanoparticles showed higher inhibition effect at different concentrations. Shigella dysenteriae was found as the
susceptible clinical isolate to the zinc nanoparticles at all the concentrations 25 µl-100 µl. Likewise P. mirabilis
(16mm) was more inhibited at 25µl concentration, S. typhii (21mm) at 50µl, E. coli (20mm) at 75 µl and P. mirabilis
(25mm) as well as S. typhii (24mm) were found sensitive to the zinc nanoparticles at 100µl concentration. Other
bacterial isolates were more or less sensitive to the inhibition effect.

Key words: Bactericidal activity, Aspergillus niger, Zinc sulphate nanoparticles.
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and brought to the Microbiology Laboratory in aseptic
condition for further confirmation by cultural and
biochemical characteristics5.

Storage of clinical isolates

A loopful of each isolate from the clinical samples
was inoculated on nutrient agar slant and incubated at
37°C for 24 hours. After incubation, the slants were
washed with physiological saline. The saline
containing the pathogens were further serially diluted
and plated by Spread plate technique. The plates were
incubated at inverted position for 24 hours at 37°C.
From the plate containing 30 to 300 colonies, a single
colony was taken in a loop and transferred to fresh
nutrient agar slants aseptically for maintaining pure
culture and stored at 4°C for further use.

Biosynthesis of zinc sulphate nanoparticles

The synthesis of zinc sulphate nanoparticles was
made by using Aspergillus niger isolated from indoor
air of MGR College, Hosur, TN, India. The Aspergillus
niger was inoculated on Potato Dextrose agar medium
and incubated for 5 days at 25±3°C. After 5 days, the
cell mass were harvested and the cells were pooled
into the double distilled water and homogenized. Later
on the volume was made up to 100ml in the conical
flask. 10mM zinc sulphate was added to the flask
containing homogenized cell mass of A. niger. The
flask was further incubated at 25±3°C for 24 hours to
get the production of zinc nanoparticles. Nanoparticles
of ZnS and other metals are known to exist in oxic and
anoxic waters.

Confirmation of nanoparticles by SEM

The zinc nanoparticles formed by the homogenized
cell mass were selected for scanning electron
microscopy (SEM).  Each specimen was dispersed
ultrasonically to separate individual particles.
Nanoparticles were confirmed by SEM based on their
particle size.

Antibiotic assay of nanoparticles

The inhibitory activity of zinc nanoparticles was
carried out using well diffusion method 6 and the
Minimum Inhibitory Concentration7 against

enterobacteriaceae family pathogens viz., E. coli,   K.
pneumoniae, S. dysenteriae,   S. typhii,   P. mirabilis
was determined.

Well diffusion test

100ml of Muller Hinton agar medium was added
with 1 ml of each confirmed test culture. 20ml of the
mixed medium was transferred to sterile petriplates.
After solidification, 6mm diameter well was made in
the plate using sterile borer and the zinc nanoparticles
was added to the well at different concentrations i.e.,
25µl, 50µl, 75µl and 100 µl. Plates were pre-incubated
for 1 hour, later on the plates were incubated at 37°C
for overnight. After overnight incubation, zone of
inhibition of test cultures were observed and recorded.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC),
defined as the lowest concentration of material that
inhibits the growth of an organism7. In test tube racks
a set of 10 sterile test tubes labeled 1 to 7 were placed.
To the labeled tube 0.5ml of Muller Hinton broth was
added using a micropipette. The tubes were then
sterilized in autoclave at 15lbs for 15 minutes at
121°C. To the sterilized Muller Hinton broth tubes,
the synthesized zinc sulphate nanoparticles were added
to the first tube. Doubling dilution was performed
from the first tube using a sterile micropipette by
transferring 0.5ml to second tube making a dilution
1:2 and serially diluted till tube nine. 0.5ml was
discarded from the last tube. The tube with the medium
and culture was maintained as positive control and the
tube with only Muller Hinton broth was maintained as
negative control. A loopful of inoculum of E. coli, K.
pneumoniae, S. dysenteriae,   S. typhii,   and P.
mirabilis were added to all the test tubes separately
and incubated at 37°C for 24 hours. Results were
recorded based on the formation of pellet and turbidity
and tabulated accordingly.

RESULTS

Identification of clinical isolates

The clinical isolates of bacteria obtained from
Government General Hospital, Hosur were identified
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based on the morphology and biochemical
characteristics (Table 1). The bacteria identified were
E. coli, K. pneumonia, S. dysenteriae, S. typhii and P.
mirabilis.

Biosynthesis and Characterization of zinc
nanoparticles:

Green colored small particles were seen settled at
the bottom of conical flask (Plate I). Fine spherical
shaped nanoparticles was observed at 15kV x7, 500
1microm (Fig 1) and the particle size was measured
80 to 100 nm.

Agar Well diffusion method:

The effect of different concentration of zinc
nanoparticles through agar well diffusion method was
interpreted and given in Plate II & Table 2. Zinc
nanoparticles at 25µl concentration showed higher
activity against P. mirabilis and S. typhii (16mm),Plate I: Production of Zn nanoparticles

Table 1: Biochemical characterization of clinical isolated bacteria from the Hospital

BiochemicalTests Clinical isolates of Enterobacteriaceae family
E. coli K. pneumonia S. dysenteriae S. typhii P. mirabilis

Gram staining -ve -ve -ve -ve -ve
Motility +ve -ve -ve +ve +ve
Catalase +ve +ve +ve +ve +ve
Oxidase -ve -ve -ve -ve -ve
Indole +ve -ve -ve -ve -ve
Methyl-red +ve -ve +ve +ve +ve
Voges-proskaeur -ve +ve -ve -ve -ve
Citrate -ve +ve -ve -ve +ve
Urease -ve +ve -ve -ve +ve
Glucose +ve +ve +ve +ve +ve
Lactose +ve +ve -ve -ve -ve
Sucrose -ve -ve -ve -ve +ve
Maltose +ve +ve -ve +ve -ve
Mannitol +ve +ve -ve +ve -ve

Fig 1: SEM photo of Zn nanoparticles

Bactericidal Activity Of Zinc Sulphate Bio-nanoparticles Synthesized
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moderate activity against E. coli (12mm) and lower
activity against K. pneumoniae and S. dysenteriae
(10mm). Zinc nanoparticles at 50µl concentration
showed higher activity against S. typhii (21mm) and
P. mirabilis (21mm), moderate activity against E. coli
(16mm) and lower activity against K. pneumoniae
(11mm) and S.dysenteriae (12mm). Zinc nanoparticles
at 75µl concentration showed higher activity against
S. typhii (22mm), moderate activity against E. coli
(20mm), P.mirabilis (21mm) and S. dysenteriae
(14mm) and lower activity against K. pneumoniae
(13mm) (Table 2). Zinc nanoparticles at 100µl
concentration showed higher activity against
P.mirabilis (25mm), moderate activity against  E.coli
(22mm), S. typhii (24mm) and S.dysenteriae (16mm)
and lower activity only against K.pneumoniae (14mm)
(Table 2).

Minimum inhibitory concentration:

After incubation, no growth was observed in any of
the tube in dilution 1:2 to 1:512. Thus zinc
nanoparticles inhibited the growth of pathogenic
organisms (E. coli, K. pneumonia, S. dysenteriae, S.
typhii and P. mirabilis) in all the tubes (Table 2).

DISCUSSION

The antibacterial activity of zinc nano particles
was tested against various microorganisms interpreting
the diameter of zone of inhibition in well diffusion
method. The diameter of zone of inhibition reflects
the magnitude of susceptibility to the zinc
nanoparticles. In the present study, E. coli, K.
pneumonia, S. dysenteriae, S. typhii and P. mirabilis
were used to investigate the inhibitory activity of zinc
nanoparticles at different concentrations i.e., 25µl,
50µl, 75µl and 100µl. Qi and his coworkers7

, also
worked in the same field and found the antibacterial
effect of zinc nanoparticles in the environment. The
results showed that the least concentration of
nanoparticles has high antibiotic potency against the
enterobacteriaceae pathogens. In the present study,
the MIC of zinc nanoparticles was found to be effective
against E. coli, K. pneumonia, S. dysenteriae, S. typhii
and P. mirabilis. Jones(8) in his study described that
the effect of ZnO nanoparticles suspension was
significant on a broad spectrum of microorganisms
which is equivalent to our present findings8. The
presence of nanoparticles in suspension would ensure
the continuous release of ions into the nutrient media,
which may arrest the growth of bacteria. Zinc ions
released by the nanoparticles may act as an antioxidant

Plate II: Agar diffusion method for Zinc
nanoparticles.

Table 2: Effect of Zinc nanoparticles on clinical isolates of
Enterobacteriaceae

Organisms Zone of inhibition (mm)
 25 µl conc.  50 µl conc. 75 µl conc.  100 µl conc.

E. coli 12 16 20 22
K. pneumoniae 10 11 13 14
S. dysenteriae 10 12 14 16
S. typhii 16 21 22 24
P. mirabilis 16 18 21 25

Fig 2: Effect of zinc nanoparticles (µl) against
various isolates (%)
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which reacts with di-oxygen and cell death among
bacterial pathogens 9.

CONCLUSION

Growth studies of different microbial cultures were
performed in the presence of nanoparticles to observe
their effects on the growth profile. This study shows
that zinc nanoparticles have great promise as
antimicrobial agent against Enterobacteriaceae
pathogens. MIC and Well diffusion tests were
performed for E. coli, K. pneumoniae, S. dysenteriae,
S. typhii, P. mirabilis and found that the antimicrobial
actions of the zinc nanoparticles were superior. Zinc
nanoparticles were mainly used in medical industries
such as topical ointment to prevent infection against
burn and open wounds. Further these biological
synthesized nanoparticles were found highly toxic
against different human pathogens. The present may
broaden the idea to find out the solution in order to
curb the menace of antibiotic resistance bacteria in
future.
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Fungi are the causal agents for different diseases in animals, plants and human beings. They are mostly responsible for
deterioration of organic materials. It is not the occurrence but quantum of inoculums or number of spores per unit area
which have a direct effect on the development of diseases in the fields as well as in the markets. An aeromycological
survey of different sites viz., inside (indoor), outside (outdoor) and dumping area of Goubert’s vegetable market in
Pondicherry city was carried out by employing sedimentation method (exposing PDA mediated petridishes) for one
year. Air samplings were made at monthly intervals for isolating the prevalent fungi from the study sites in between
11AM to 12 noon from September 2009 to August 2010. In total, 108 petriplates were exposed during the study
period. Altogether, 31 species under 18 genera were isolated, among which Aspergillus spp were recorded as the
dominants and had 11 species, followed by Mucor and Rhizopus. The prevalence of spores was found more inside the
vegetable market followed by dumping area and outside of the vegetable market. Besides aspergilli, other fungi like,
penicilli, Absidia, Achlya, Alternaria, Curvularia, Geotrichum, Syncephalastrum, Mortierella, Wallemia,
Fusarium,Trichothecium, Aureobasidium and Candida were identified. Summer season was found to harbours more
fungal spores in comparison to rainy and winter. The analysis of data indicates that concentration of airborne fungi in
different environments viz., indoors, outdoors and dumping area of the vegetable market is very high and quite
variable depending on the climatic conditions. The spores of Aspergillus, Mucor, Rhizopus, Penicillium, Cladosporium
were found to be predominant, probably due to their wide host range and opportunistic nature. Seasonal variation of
the various types was highly related to the availability of the substrates needed for the fungal growth. The seasonal
climate had positive variations of the influence on occurrence of aeromycoflora. Summer and winter months
registered maximum frequency and concentration of fungal spores due to favourable growth and sporulating
conditions for fungi and availability of suitable substrates. Pearson’s correlation coefficient analysis showed the
direct relationship of temperature and humidity with the incidence of fungal spores in the vegetable market
environment.

Key words: Airborne fungi, Vegetable market, Dumping site, Pearson’s correlation coefficient

INTRODUCTION

Moulds are frequent contaminants of fresh
vegetables and fruits. A significant role of air-borne
moulds in affecting or damaging the vegetables and
fruits, in transit and storage is well established1.

Airborne fungi are also considered as a key factor and
as an indicator of the level of air biopollution2. The
presence of fungal propagules, volatiles and
mycotoxins in air can cause health hazards in all
segments of the population3,4. The study of fungal
aerospora of market may have some implications on
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the health of the people working in the market,
customers, sellers etc. Fungal propagules in the
ambient air are regularly and continuously inhaled by
human beings. Consequently, it is understandable that
the high concentration of most of the fungal spores
present in the market environments may be causative
agents of respiratory diseases in humans and infections
to various perishable commodities. The adverse effects
of inhaled fungal propagules on the immune system
have been well documented by various workers3,5,6 .
Mould concentrations in the ambient air of the busiest
markets exhibit immense importance in order to study
the dissemination of post-harvest pathogens found in
the air and in evolving the forecasting system for
post-harvest and storage diseases of fresh fruits and
vegetables1. It is a high time when we must become
acutely aware of the insidious alternation in the quality
of the air around us which is essential for health7. Bio-
pollution is a source – transport effects phenomenon
and is analogous to the development of plant diseases8.
Considering the various hazards of bio-aerosols on
workers, consumers, and sellers as well as on market
commodities, the present study was undertaken in one
of the major vegetable market of Pondicherry City. In
the present work, the qualitative assessment of fungal
propagules of three sites viz., indoors, outdoors and
dumping area of the vegetable market environment
was studied and the effect of meteorological
precipitation on fungal spores was also analysed by
statistical analysis.

MATERIALS AND METHODS

The present study was carried out inside, outside and
dumping area of Goubert’s vegetable market in
Pondicherry city during September 2009 to August 2010.

Study sites

Pondicherry city is around 160 km away from
Madras, the capital of Tamilnadu state of India and is
situated in the coromandal coast of Bay of Bengal. It
is located in between 11 degree 46' and 12 degree 30'
of north latitude and between 79 degree 36' and 79
degree 52' of east longitude. Its boundary on the east
is the Bay of Bengal and on the other 3 sides is
Cuddalore & Villupuram districts of Tamil Nadu State.
The layout of Pondicherry region described above

which is located within Tamil Nadu presents a peculiar
picture of territorial jurisdiction, perhaps the only one
of its kind in the world. The city has little above four
lakh population and has a number of vegetable markets
which provide the basic needs to the common people
of Pondicherry. Goubert’s market is the biggest
vegetable market, spreading over one acre of land,
situated in the centre of the Pondicherry city, just 800
metre away from the Bay of Bengal. It is one of the
wholesale markets of Pondicherry City from where
the vegetable and fruits are marketed and transported
out to several nearby markets.

Air sampling

Aeromycoflora was monitored from indoors,
outdoors and dumping area of the vegetable market by
sedimentation method. Air samples for culturable
fungi were collected by exposing culture Petri plates.
Petri plates in three numbers containing Potato
Dextrose agar with streptomycin were exposed for 5
min at 30 day (one month) interval for continuous one
year from September 2009 to August 2010. The Petri
plates were kept at different heights (1.5–2m) above
the ground level. After the exposure to air, the Petri
plates were brought to the laboratory in the pre-
sterilized polythene bags and incubated at 25±30C for
5–7 days. Fungal colonies developed in plates were
counted for individual species and to get the total
number CFUs. Microscopic slides stained with lacto
phenol cotton blue were prepared from each CFU and
observed microscopically to identify them up to
species level. The colony forming units (CFUs) that
could not be identified directly from plates were sub
cultured in SDA/PDA media again and identified later
on. The laboratory experience and taxonomic literature
available in laboratory were employed to identify the
fungal taxa. Percentage occurrence of individual
fungus with their monthly and annual incidence were
determined and plotted in the Tables and Figures.
Seasonal distributions of airborne fungi recorded in
all the three sites of the vegetable market were
analysed. The effects of environmental factors viz.,
temperature and relative humidity on the monthly
airborne fungal spore load were also analyzed by
using Pearson’s correlation coefficient analysis and a
regression model for the purpose of prediction was
prepared.

Comparative Aeromycospora Study of a Vegetable Market with Meteorological Precipitation
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monthly intervals were exposed, each plate provided
on an average of 5-70 colony forming units (CFUs).
In qualitative study, altogether 32 fungal species under
18 genera were isolated from the three sites of the
vegetable market. In composition of fungal species,
outdoors contributed the maximum numbers (26
species under 17 genera) followed by dumping site
(15 species of 10 genera) and indoor site contributed
14 species of 9 genera but in concentration of fungal
spores, indoors is dominated over the outdoors and
dumping site. Comparative incidence of fungal species
with their contribution (CFUs) and percentage
occurrence of each fungus recorded in indoor, outdoor
and dumping area are given in Table 1. Among all,
Aspergillus niger was found to be the dominant one in
all the sites with 65% in indoors, 55% in outdoors and
63% in dumping area. It was followed by Aspergillus
fumigatus, Aspergillus flavus, Rhizopus stolonifer,
Mucor recemosus etc. (Table 1). Besides these,
Penicillium spp, Mortierella sp., Fusarium oxysporum,
Curvularia sp., Candida sp., Achlya sp., Alternaria
sp., Absidia spinosa, Aureobasidium pullulans and
Syncephalasturm racemosum were recorded
frequently from the vegetable market. Among all the
fungal species, Aspergillus spp was dominant followed
by Mucor, Rhizopus, Penicillium, Curvularia. In total,
eleven species of Aspergillus were isolated i.e., A.
niger, A. flavus, A. fumigatus, A. glaucus, A.
ochraceous, A. nidulans, A. niger, A. terreus, A.
restrictus, A. sydowii and A. ustus. Eight species from
outdoors, 6 species (indoors) and 5 species were
recorded from dumping area. Two species of
Penicillium were also isolated i.e., P. citrinum and P.
frequentans. Among the isolated fungal taxa,
Aspergillus fumigatus, A. niger, A. ochraceous,
Penicillium sp., Rhizopus stolonifer and Alternaria
alternata were predominant aeroallergens that cause
different type of respiratory/lung diseases in atopic
human beings. Monthly distribution of fungi in three
sites of the vegetable market during 2009-2010 is
given in Fig 1. September and April months
contributed the maximum spores and June was least
inside (indoor) the market. February was the highest
and September was the least contributor of fungi
outside (outdoor) of the market. Likewise in dumping
area, September and February was the maximum and
minimum contributor of airborne fungi respectively
(Fig 1). A comparative seasonal distribution of fungal

Table 1: Percentage occurrence of airborne fungi recorded
from three sites of the Vegetable market in Pondicherry,

India

Sr. Fungi Study sites
No. Indoor Outdoor Dumping area

Annual % Occurrence

1 Absidia spinosa — 0.53 0.23
2 Alternaria alternata — 0.07 0.29
3 Alternaria sp. — 0.53 —
4 Aspergillus candidus 0.12 — —
5 Aspergillus flavus 2.07 6.00 3.83
6 Aspergillus fumigatus 14.19 6.00 9.29
7 Aspergillus glaucus — 0.23 —
8 Aspergillus nidulans 0.16 0.53 0.23
9 Aspergillus niger 65.39 54.73 63.31
10 Aspergillus ochraceus 0.08 — 0.05
11 Aspergillus restricus — 0.15 —
12 Aspergillus sydowii — — 0.23
13 Aspergillus terreus — 0.30 —
14 Aspergillus ustus — 0.15 —
15 Aureobasidium pullulans — 0.92 —
16 Candida sp. 0.16 8.00 3.89
17 Cladosporium resinae — 0.15 —
18 Curvularia lunata — 0.07 0.11
19 Dactylium sp. — 0.15 —
20 Fusarium oxysporum — 0.61 —
21 Geotrichum candidum — — 0.58
22 Mortierella ramanniana 0.12 — —
23 Mortierella sp. — 0.23 —
24 Mucor plumbenus — 0.61 —
25 Mucor racemosus 5.39 5.46 4.52
26 Pencillium citrinum 0.58 0.69 0.46
27 Penicillium frequentans — 0.23 —
28 Pink sterile mycelia — 1.00 —
29 Rhizopus stolonifer 9.87 11.31 12.83
30 Syncephalastrum 0.12 — —

racemosum
31 Wallemia sebi 0.04 0.15 0.11
32 White sterile mycelia 1.65 1.07 —

RESULTS

During the study period, a total number of 324
media plates covering 108 air samplings, three
replicates in each samplings, 12 times in each site at
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spores in three sites of the vegetable market was
shown in Fig 2, which revealed that the airborne fungi
were predominated in summer months, in comparison
to other seasons (rainy & winter). Rainy season was
found with more fungal spores in indoors followed by
summer and rainy (Fig 2). Winter was highest in
outdoors followed by summer and rainy. It was showed
that Summer was highest followed by rainy and winter
in dumping site. The analysis of data indicated that
concentration of airborne fungi in different
environments viz., indoors, outdoors and dumping
site of the vegetable market is very high and quite

variable depending on the climatic conditions.
Comparative analysis of dominant aspergilli recorded
in three sites of the vegetable market are given in Fig
3, followed by Fig 4 for Aspergillus niger and Fig 5
for Aspergillus fumigatus.. In indoor environments,

Fig 1: Monthly incidence of fungal spores in three sites of
Vegetable market

Fig 2: Seasonal variation of fungal spores in different
environmental sites of vegetable market during 2009-2010

Fig 3: Total number of aspergilli recorded from three sites of the
vegetable market environment

Fig 3: Total number of Aspergillus niger recorded from three sites
of the vegetable market environment

Fig 5: Total number of aspergillus fumigatus recorded from three
sites of the vegetable market environment

Aspergillus niger was isolated with the maximum
numbers in the months of March and April and A.
fumigatus was recorded highest in September and
October. The outdoors of the market was contributed

Comparative Aeromycospora Study of a Vegetable Market with Meteorological Precipitation
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the highest with Aspergillus niger during February
and October but A. fumigatus and A. flavus were
recorded negligible before A. niger. In the dumping
site, Aspergillus niger was recorded more or less
equally in all the months studied expect December
and February. Other fungi were recorded at different
composition and concentration in all the three sites of
the vegetable market. It was found negative correlation
coefficient between temperature and fungal spores
but positive correlation was between humidity and
fungal spores of the samplings at three sites viz.,
indoors, outdoors and dumping site (Fig 6, 7& 8)
respectively.

DISCUSSION

Air samplings related to aerobiology employ a
number of sampling methods of which, gravity settling
of spores on culture medium is one widely used by
workers7,9,10 both in indoor and outdoor environments
but its use in indoor environment is more accurate as
the deposition of spores is less affected by wind
turbulence11. The sedimented viable spores germinate,

Fig  6 : Pearson’s co-efficient of correlation of fungal CFUs
recorded from Indoors of the vegetable market Vs. Temperature
(0C) and Relative humidity (%).
‘n’- number of observations, ‘r’- correlation co-efficient and ‘p’-
Probability level.

Fig 7 : Pearson’s co-efficient of correlation of fungal CFUs
recorded from Outdoors of the vegetable market Vs. Temperature
(0C) and Relative humidity (%).
‘n’ -number of observations, ‘r’- correlation co-efficient and ‘p’ -
Probability level.

Fig 8: Pearson’s co-efficient of correlation of fungal CFUs  recorded
from Dumping site of vegetable market Vs. Temperature (0C) and
Relative humidity (%).
‘n’- number of observations, ‘r’- correlation co-efficient, and ‘p’ -
Probability level.
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develop to mycelium and sporulate on the broad
spectrum medium. It is highly suitable for qualitative
study but the result cannot be set forth quantitatively
as it is not possible to express them as a unit of air
volume. A large proportion of aerobiological studies
are devoted to study air borne spores in the markets of
different cities and towns by employing gravity plate
counts8. The present investigation rightly used this
technique expressing the results only qualitatively.
Members of Deuteromycotina were recorded in more
numbers followed by the members of Zygomycotina
at all the environments of the vegetable market as
reported by other workers12. Irrespective of place,
duration and technique of sampling the predominance
of deuteromycetes fungi in air spore has been
confirmed by most of the investigators8. Occurrence
of aeromycoflora in Goubert’s market was recorded at
three different sites. It was found that the fungal
spores were the maximum in the indoors followed by
dumping area and the least in outdoors. The lesser
market activities were recorded in outdoors, which
may initiate poor dispersal of fungal propagules.
Deposition of all vegetable waste materials in dumping
site contributed next to indoors in fungal load. Effect
of environmental conditions on occurrence of fungal
spores and abundance of fungal spores in the markets
may be due to unhygienic conditions, which prevail in
the market area. Rotten fruits, vegetables, decaying
paper bags from take-away food and packing materials
in the market are again act as substrates for fungal
growth and become the chief source of dissemination
of spores in the air8. Furthermore, a semi enclosed
environment of the crowd and nearness of the sampling
sites to the source of contamination may have
accounted for the higher spore concentrations12. This
was probably due to the congenial climate, including
high rainfall with corresponding increased humidity
and moderate temperature, which may have
contributed to the growth and sporulation of these
fungi. In a real sense, a microclimate can exist between
vegetable and packing boxes with no air circulation,
because heat and humidity encourage pathogens to
flourish and disperse inside the vegetable market1. A
number of aspergilli (11species) comprises high
incidence of A. niger, A. flavus, A. glaucus, A.
ochraceous, A. fumigatus, A. nidulans, A. ustus and A.
sydowii were reported in the present study similar to
the findings of many others12. Aspergilli were the

dominant fungi in the vegetable market environments
studied by us. The same type of findings was found by
Kakde and his group12. They reported that Aspergillus
dominated the entire mycoflora, being represented by
14 species, and predominated by Aspergillus niger
contributing 6.5% to the total viable fungi followed
by A. flavus (5.3%) and A. fumigatus (2.8%). In our
study, Aspergillus niger was the dominant one in all
the sites with 65% in indoors, 55% in outdoors and
63% in dumping area followed by A. fumigatus and A.
flavus. The other major viable taxa were Penicillium,
Cladosporium and Fusarium. In general the higher
frequency of mycoflora was registered during winter
(November– February) and monsoon (July–August)
which gradually decreased at the onset of summer
(March–June). The quantitative and qualitative
analysis revealed that the investigation sites were
contaminated with variety of conidial fungi. It is
reported that Aspergillus makes a large contribution
to the air-spora in tropical regions13, 14. Organic
materials, such as plant debris have been reported to
be sources of Aspergillus spores15. The most common
Aspergillus species like A. niger, A. flavus and A.
fumigatus were also recorded as common in the various
environments of different parts of the world16, 17.
Aspergillus followed a seasonal trend, with high
numbers in the dry and hot months (April–June). It
may be due to small spherical spores (3 ìm), which
can be easily disseminated in the air during dry periods,
while in rainy periods the spores may settle down
with rains. The routine market activities like
transportation, loading and unloading and handling of
various types of fruits and vegetables augmented the
number and type of air-borne moulds in the indoors of
the market environment was confirmed with the
previous work made by Kakde and his coworkers12.
Dry air with greater wind speed and turbulence further
helped in liberation and dissemination of spores in the
vegetable market. The fungal spores showed
significant seasonal variations. The seasonal variation
study done by them (2001) in a fruit market showed
that the highest incidence of spores was observed
during November–December while April- June was
the lean period12. They also found that the maximum
incidence of fungal spores were recorded in December
(17205 spores/m3) when the temperature and relative
humidity ranged between 220C to 270C and 75 to 80%
respectively and the lowest was found in April– June
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(7905– 8175 spores/m3) when maximum temperature
and relative humidity were ranged between 43–480C
and 25–40% respectively. Deposits of waste or organic
matter in the market places generates and liberates
microorganism to the ambient air in high
concentrations and may cause health hazards to people
working or living near such environments. The spores
of Aspergillus, Penicillium, Rhizopus, Mucor,
Cladosporium, Fusarium and many others are reported
to be pathogenic and allergenic10, 13, 17, 18. Apart from
the human health hazards, the dispersal of
microorganisms from the various sources could give
technical problems like biodegradation and
biodeterioration of various perishable commodities in
the market environment, transport and in storage. Of
these fungi, Alternaria alternata, A. niger, and P.
expansum were generally responsible for spoilage of
cherry during the postharvest period, thus indicating
that propagules of these fungi possess the potential to
cause rot of mature fruits8. Number of species such as
Aspergillus niger, A. flavus, A. fumigatus, Fusarium
spp, Alternaria spp. and many other fungal species
produce mycotoxins in various foods which may cause
carcinogenic effects and other disorders19,20,21,22. It
was proved from the Pearson’s correlation of
coefficient analysis (Fig 6, 7 & 8) that the variable
(fungal CFUs) is more or less dependent on the
independent variables like temperature and relative
humidity7, 17. In indoors, dumping site and outdoors,
temperature and relative humidity controlled the
prevalence of aero-fungi negatively and positively
respectively7, 17. Hence it was inferred that the increase
in temperature reduces the fungal CFUs in the air and
vice versa, but relative humidity always favoured the
growth and abundance of fungi in the air both in
indoors and outdoors. Meteorological precipitation
had direct impact on the airborne fungal spores in the
vegetable market environment studied by us in
Pondicherry, India.
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