Iranian Journal of Health, Safety & Environment, Vol.4, No.2, pp.722-728

Effects of Occupational Exposure on the Health of Rag Pickers Due to Fungal
Contamination at Waste Dumping Sites in Gwalior (India)
Harandra K. Sharma*1, Khursheed Ahmad Wani2, Aakash Ahmad Bhat1
1) School of Studies in Environmental Science, Jiwaji University, Gwalior (M.P.) India
2) Department of Environmental Science, ITM University, Gwalior (M.P.) India
Corresponding author: drhksharmagwl@gmail.com

Received: 13 Sep. 2016, Revised: 10 Dec. 2016, Accepted: 1 Jan. 2017

ABSTRACT
We investigated fungal contamination near different waste dumping sites and assessed the health risk factors of rag
pickers associated with collection of waste in Gwalior during the year 2014-15. Petri plates were exposed at waste
dumping sites and were transferred to the laboratory, analysis and identification was mainly carried out by culturing
the fungal colonies by following standard procedures. A pretested questionnaire was used to evaluate the health
problems among the rag pickers. Results indicated that all the dumping sites are contaminated with different types of
fungal pathogens like Alternaria alternate, Aspergillus flavus, A. fumigates, A. niger, Cladosporium, Fusarium,
Mucor, Penicillium and Rhizopus. Our study reported higher incidence of musculoskeletal and respiratory diseases
among rag pickers. There is also strong need for carrying out similar assessment studies for other cities too. This
will entail generation of more precise site specific information regarding fungal species and associated health risk
factor.
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producing extracellular enzymes responsible for
degradation of cellulose are known, some of them
being highly cellulolytic, which include species of
Aspergillus, Trichodermas and Sclerotium and these
species are also being considered for commercially
exploitation [11].
The exposure to bioaerosols may cause a number of
undesirable effects, such as gastrointestinal,
dermatologic, respiratory and allergy problems. More
specifically, exposure to bioaerosols deriving from
waste processing [12] may pose health risks to
workers working in composting plants and in
collection, transport and segregation of urban solid
waste [13, 14].
There is lack of data on effect of occupational
exposure of waste handlers / rag picker in different
regions of India. Although a large chunk of
population in India is managing and handling waste
that is obtained from households, shops, industries,
agricultural sources and exposed daily to different
types of diseases due to pathogenic microorganisms
present in the waste. In Gwalior Madhya Pradesh no
systematic work has been carried out so far on this
respect. This aim of the current investigation is to
document the different species of fungi present in the
waste generated from different sources in Gwalior
and to know the diseases / risk factor of waste
handlers/rag pickers due to fungal exposure.

INTRODUCTION
Municipal waste is the habitat for various
microorganisms, wherein their range of occurrence
and concentration depends on various factors such as
type and location of the facility, the season and the
time. Further, the type of dumping waste site may
also decide the potential and survival of many micro
organisms that may cause many diseases [1]. Rapid
urbanization of many cities in India has lead to the
growth of populations near dumping grounds and
may exacerbate the risks. In addition to respiratory
tract infections, it has been suggested that associated
enteric microorganisms common in dumpling ground
may produce intestinal tract infections [2].
Fungi are distributed everywhere and are dependent
on various environmental parameters like rainfall,
moisture, temperature, wind and geographical
location. It has been reported that airborne fungi may
cause asthma, rhinitis and dermatitis besides they are
considered as a source of plant and animal pathogens
[3, 4, 5, 6]. Due to their importance to the human
health, agriculture and food spoilage more emphasis
by the scientific community to study the airborne
fungi has been given over the years [7, 8, 9].
A large number of fungi have been isolated by
various researchers from self-heating material and
were used in decomposing of municipal solid waste
at elevated temperature that usually resulted from
microbial thermogenesis [10]. Fungi capable of
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Harandra K. Sharma, et al. Effects of Occupational Exposure on the Health of Rag …

Colony Forming Unit (CFU) was mainly enumerated
after the colony counting of fungal colonies by taking
into account the fallowing equation described by
Omeliansky.

METHODOLOGY
Study area
The present study was done on microbial
contamination at different waste dumping sites of
Gwalior city. Gwalior a historic city located on the
periphery of Madhya Pradesh has geographical
position at 26° 12’ north and 78° 18’ east. Gwalior a
populas city in the country has a population of
2032036 with a density of 446/km2 [15]. The main
source of waste in Gwalior city is domestic waste,
vegetable market waste, paper waste, industrial
waste, fruit market waste, meat market waste, Hotel/
restaurant waste, market waste, building material
waste [16].
Gwalior has a sub-tropical climate with hot summers
from late March to early July, the humid monsoon
season from late June to early October and a cool dry
winter from early November to late February. Under
Koppen's climate classification the city has a humid
sub-tropical climate. The highest recorded
temperature was 53oC and the lowest was -1oC. The
average temperature in the month of May and June is
33-35oc and receives a rainfall of about 970 mm
which is concentrated during monsoons that starts at
the end of June. A unique feature of the climate of
the climate of the Gwalior district is the presence of
the three specific seasons i.e., monsoon, winter and
summer [17].

N = 5a×104 (bt)-1
Where N=microbial CFU/m3 of indoor air; a=number
of colonies per Petri dish; b=dish surface (cm2);
t=exposure time (min).

Identification of Fungi
Fungal colonies were identified based on its
morphological
characters.
However,
further
identification to the genus level was done by
microscopic examination. For this, a small piece of
the material was taken from the colony with the help
of a sterile needle. This was mounted on a slide with
a drop of Lacto-phenol,a cover slip was placed over it
and gently tapped. The prepared slide was observed
under a binocular microscope and identified, making
use of standard manuals. The colony morphological
features were recorded using a stereo binocular
microscope.

Evaluation of health hazards:
The microorganism pathogenicity and the role they
play in deteriorating the health of waste handlers was
accessed by collecting information through
questionnaire and personal investigation.

Statistical analysis:

Sampling sites

The mean, percentage and CFU were calculated with
the help of computer programme MS Excel, 2010.

Bada, Kampoo, Lashkar, Morar and Golaykamandir
were selected for the present study (Fig 1). The
sampling was carried out separately at every site in
triplicate to represent the whole area during the year
2014-15. These sites are usually used as waste
dumping /storage sites and a large number of rag
pickers and waste handlers are visiting regularly to
these sites. Further these sites are situated in
commercially important locations in the Gwalior city.

RESULTS
Temperature and humidity
Temperature, moisture and wind speed are the most
important factors that influence the growth of fungi
in both indoor and outdoor environments. Usually
fungal growth is favored at water activity of 0.95–
0.99, while 0.65–0.90 and 0.88–0.99 are reported to
be required for the growth of xerophilic fungi and
yeasts [20]. The temperature in buildings of about
20–250 oC, promotes the growth of mesophilic fungi.
However, the temperature below optimum level
slows down the growth of fungi. Wind speed also
plays a great role in disperse of fungal spores.

Exposure of Petri plates
The methodology adopted for the present study
includes field survey at five different waste dumping
sites of Gwalior, generally petriplates were exposed
at waste dumping sites and were transferred to the
laboratory, analysis and identification was mainly
carried out by culturing the fungal colonies by
fallowing various procedures and guidelines provided
by [18,19].
The collected samples were collected and transported
to the laboratory as soon as possible and the process
of analysis was done the same day or the next. Most
of the sampling was done between 9AM-12PM. The
samples were stored in refrigerator in case the
sampling was done in the evening or the analysis was
not possible on the same day.

Meteorological parameters
The sampling was carried out during the summer
season by collecting samples at five different sites,
the minimum temperature of about 39oc occurred
during sampling first in the month of April and the
maximum temperature was found during the month
of June. Sampling first and second was mainly
carried out at the humidity (%) of 44 respectively and
third sampling was mainly carried out at 29 %.
Sampling first and second was carried out at a wind

Enumeration of Colony Forming Unit (CFU)
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speed of 2 km/h, while third sampling third was
carried out at a wind speed of 1 km/h (Table 1).

Morar at site I, which was 786.35 CFU/m3
representing a percentage of 11.3 % of total CFU/m3
(Table 3, 4).
The results also indicated that there were little
fluctuations in fungal contamination during different
months between the sub sites of Bada and Kampoo
respectively, which was mainly due to equal and even
distribution of the waste quantity and little changes in
meteorological parameters like temperature, humidity
and wind speed at these sites, as the sampling was
carried in same season. However, changes were
observed in fungal contamination during different
months among the sub sites of Lashkar, Morar and
GolayKaMandir respectively, which mainly occurred
due to uneven equal waste amount and uneven
distribution of organic waste at the different sub sites.
The different species that were identified at various
sampling sites include Alternaria alternate,
Aspergillus flavus, A. fumigates, A. niger,
Cladosporium, Fusarium, Mucor, Penicillium and
Rhizopus (Table 5).

Fungal count
The colonial count of fungi was carried out after the
incubation of exposed plates at a temperature of 27 0c
for 5 to 7 days. The highest colonial count of fungi
during the month of April has been recorded at site
III of Bada, which was 34 (no of colonies / plate),
while the lowest fungal count at site I of Golay ka
mandir, which was 8 (no of colonies/ plate). The
highest fungal count during the month may has been
recorded at site I of Golaykamandir, which was 33
(no of colonies/plate), while the lowest fungal count
has been recorded at site III of Lashkar, which was
12 (no of colonies/plate). The highest fungal count
during the month of June was recorded at site III and
site I of Bada and Golaykamandir respectively, which
was 31 (no of colonies), while the lowest fungal
count has been recorded at site I of Lashkar, which
was 15 (no of colonies/plate) (Table 2).

Fungal contamination

Health hazards of fungi

The result indicate that the highest fungal
contamination (CFU/m3) during the month of April
has been recorded at dumping site Bada at site III,
which was 1782.40 CFU/m3 that represented a
percentage of 26.4 % of the total colony forming unit,
while the lowest fungal CFU/m3 has been recorded a
at dumping site Golaykamandir at site I, which was
419 CFU/m3 representing a percentage of 7.9 % of
the total colony forming unit (Table 3, 4). The
highest fungal CFU/m3 during the month of May has
been recorded at dumping site Golaykamandir at site
I, which was 1729.98 CFU/m3, that represented a
percentage of 25 % of total CFU/m3, while the lowest
fungal CFU/m3 has been recorded at dumping site

The results of the present study collected through a
simple and standard questionnaire investigated that
the workers and rag pickers handling the waste
mainly suffer from allergic respiratory diseases,
gastro intestinal diseases, infectious diseases,
musculoskeltal diseases and injuries (Fig 2).
Table 1: Average meteorological measurements during
sampling
Sampling

Month

Temperature
(oC)

Moisture
(%)

First
Second
Third

April
May
June

39
40
47

44
44
29

Wind
speed
(km/h)
2
2
1

Table 2: Colony count of fungi at different sampling sites during summer
No

1
2
3
4
5

Dumping site

Site I (colonies/pl)

Bada
Kampoo
Lashkar
Morar
Golaykamandir

Site II (colonies/pl)

Site III(colonies/pl)

April

May

June

April

May

June

April

May

June

25
29
19
20
8

26
29
30
15
33

23
27
28
15
31

30
25
12
29
22

27
22
29
15
31

25
23
23
22
28

34
31
14
24
25

32
20
12
13
20

31
25
22
24
22

Table 3: Colony Forming Units of fungi at different sites during summer
Dumping site

Site I(CFU/m3)

Site II (CFU/m3)

Bada

April
1205.7

May
1316.01

June
1205.74

April
1310.59

May
1415.44

June
1310.59

April
1625.1

May
1677.55

June
1625.13

Kampoo

1520.28

1520.28

1415.44

1310.77

1153.32

1205.74

1625.13

1048.47

1310.59

Lashkar

996.05

1572.71

1463.86

629.08

1520.28

1205.74

733.93

629.08

1153..23

Morar

1046.47

786.35

786.35

1520.28

786.35

1153.23

1310.77

681.51

1258.16

Golaykamandir

419

1729.98

1625.13

1153.32

1625.13

1463.83

1310.77

1048.47

1153.23
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Sampling site
Bada

Kampoo

Lashkar

Morar

Golaykamandir

April
May
June
April
May
June
April
May
June
April
May
June
April
May
June

Table 4: Area wise distribution of Fungi at different sites during summer
Site I
Distribution
Site II
Distribution
Site III
(CFU/m3)
(%)
(CFU/m3)
(%)
(CFU/m3)
1310.59
24.8
1572.71
25.4
1782.40
1316.01
19.0
1415.44
21.8
1677.55
1205.74
18.6
1310.59
20.7
1625.13
1520.28
28.7
1310.71
21.2
1625.13
1520.28
22.0
1153.32
17.7
1048.47
1415.44
21.8
1205.74
19.0
1310.59
996.05
18.8
629.08
10.2
733.93
1572.71
22.7
1520.28
23.4
629.08
1463.86
22.5
1205.74
19.0
1153..23
1045.47
19.8
1520.28
24.6
1310.77
786.35
11.3
786.35
12.1
681.51
786.35
12.1
1153.23
18.2
1258.16
419
7.9
1153.32
18.6
1310.77
1729.98
25.0
1625.13
25.0
1048.47
1625.13
25.0
1463.83
23.1
1153.23

Distribution
(%)
26.4
33.0
25.0
24.0
20.6
21.2
10.8
12.4
17.7
19.4
13.4
19.4
19.4
20.6
17.7

Table 5: Types of fungal species isolated from different sampling sites
Fungal species

Bada

Kampoo

Lashkar

Morar

Golaykamandir

Alternaria alternata
Aspergillus flavus
A. fumigatus
A. niger
Cladosporium
Fusarium
Mucor
Penicillium

+
+
+
+
+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

Rhizopus

+

+

-

-

+

in suitable environmental conditions for the fungal
growth. They also help in biodegradation process as
most of the fungi secrete cellulolytic enzymes.
Knowledge of species and density of outdoor airborne
fungi in a given environment is important in analyzing
contamination and the identification and management
of different allergic diseases, this study was therefore
conducted at different waste dumping sites, where huge
amount of domestic municipal solid waste acts as a
breeding ground for these air borne fungi. In the
present study nine genus of fungi including
Aspergillus, Cladosporium, fusarium, Alterneria,
Penicillium, Rhizopus and Mucor were identified in
outdoor environment at five waste dumping.
Aspergillus, Alternaria, Cladosporium and Penicilium
were the most prevalent and appeared to be the most
common genera in almost all sites.
The results of the study mainly investigated the
distribution of fungal colonies over various dumping
sites in Gwalior, during the summer season, and it was
observed that the fungal contamination at the waste
dumping sites is quite high, most of the dumping sites
were highly dominated by the fungal species like
Aspergillus, Cladosporium, fusarium, Alterneria,
Penicillium, Rhizopus and Mucor. Penicillium spp. was
found in abundance during third sampling in the month
of June. The high percentage of organic waste at the
waste dumping site at Bada may be the cause of
abundance of fungal species.

DISCUSSION
There is a general consensus among the scientific
community that fungi prefer waste sites as they
provoke food from the waste by releasing cellulolytic
enzymes. Cellulolytic enzymes play an important role
in nature's biodegradation processes where plant lingo
cellulosic materials are efficiently degraded by
cellulolytic fungi. Fungi are known agents of
decomposition of organic matter in general and of
cellulosic substrate. This study clearly represents that
Aspergillus, Cladosporium, fusarium, Alterneria,
Penicillium, Rhizopus and Mucor showed their
presence at the waste dumping sites (Table 5).
Morederate cellulose producers were also recorded
among other fungi. Gautam et al. [21] have been
reported that to screen the highest cellulolytic ability of
fungi Aspergillusfunmigatus and very low cellulase
activity showed by Humicola sp., Torula sp., these
fungi isolated from municipal solid waste. In this study,
Aspergillussp, Penicilliumsp and fusarium, which is the
most extensively studied cellulase producer, isolated
from waste. Reese and Levinson [22] reported that a
few studies have been conducted earlier with
Aspergillu sniger and Trichoderma sp. to investigate
their cellulolytic ability.
The fungi are omnipotent in nature and are present at
the waste dumping sites due to their ability to invade
places that are enough unhygienic and prepativate on
different substances that have enough moisture content
725
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The presence of Aspergillus spp. and Rhizopus spp. At
the study site may cause allergic reactions among the
rag pickers in Gwalior. A toxin “ochratoxin A”
released by different species of Aspergillus is not only
carcinogenic to humans but is weakly mutagenic due to
initiation of oxidative DNA damage. Aflatoxins
produced by different species of Aspergillus are lethal
and it is well known fact that aflatoxin cause acute
hepatic necrosis, that may later result in cirrhosis or
carcinoma of the liver. Aspergillus flavus found at the
waste dumping sites of Gwalior is the agent of
aspergillosis, that has ability to cause infarction by
invading the arteries of the lung and brain [23]. On the
other hand, Rhizopus may cause rhinocerebral,
thoracic, gastrointestinal, and cutaneous problems to
exposed human population while as ergot alkaloid is
produced by Rhizopus oryzae which is also toxic to
humans [24]. Further, the species of Penicillium may
colonize the lungs to create more constant allergenic
stimuli that may result in lung damage by chronic
obstruction of the airways with viscid mucus [25].
Biological air quality assessment is essential since it is
related to the human health, food industry and animals
and plants pathogenicity. In the last decade, interest
among researchers has increased in investigating the
outdoor and indoor airborne fungi due to their adverse
effects on human health (6, 8).
Moisture, nutrients and temperature are the most
important factors that influence the growth of fungi on
building materials [26]. The requirement for moisture
depends on the fungal genus or species. Usually fungal
growth is favored at aw of 0.95–0.99, while 0.65–0.90
and 0.88–0.99 is required for the growth of xerophilic
fungi and yeasts [27]. Nutrients in house dust and water
favor fungal growth on building materials. Fiber glass,
galvanized steel gathered with dust or lubricant oil
residues, allows the growth of fungi (28, 29). The
temperature below optimum level slows down the
growth of fungi. pH range of 5–6.5 in building
materials allows the best growth of most of the fungi
[29, 30]. Sufficient light and oxygen are also critical for
the growth of fungi in indoor environments [31, 32).
Separate collections of organic and non organic house
hold waste is a common practice in many countries
[9,8]. This often involves indoor storage of organic
waste, including fruits, vegetables and food remain in
apartment buildings in highly populated areas before it
is taken for disposal. As a result, decomposition of
organic waste may begin inside the waste bin and may
act as a source of fungal spores [33].
The presence of different fungal species in the waste
may cause different types of diseases. Inhalation or
ingestion is a principal route of exposure to fungal
propagules. Products of mold growth or microbial
volatile break down products may contribute to
symptoms of illness or discomfort independently on

exposure to fungal biomass [34]. The role of indoor
fungi in irritative disorders i.e. primarily non-infective
diseases such as allergy and asthma, has long been
recognized.
The presence of mold in waste dumping sites can cause
sinusitis due to inflammation of para nasal sinuses and
damp concrete floors will enhance the threat of irritated
stuffy or running nose and may cause itching, burning
or irritated eyes. The association between nasal polyps
and skin reactivity to Candida albicans in patients
exposed to indoor pollution has been reported and
contact with air borne fungal spores will result
persistent cough in childrens[35].
An allergen exposure increased the chances of allergic
sensitization and was a risk factor for an early asthma
onset as well as enhanced disease severity (36).
Exposure to a variety of fungi such as Aspergillus spp.
and Fusarium spp. may result in serious respiratory
infections in immune compromised persons (37, 38, 39,
40). People with impaired immune system who spend
most of their time in indoor environments contaminated
by fungi may develop serious fungal infections [41,
42]. Chronic obstructive pulmonary disease, asthma,
cystic fibrosis are disorders among persons potentially
infected with Aspergillus [43]. In cystic fibrosis or
asthma patients, Aspergillus spp. can develop allergic
broncho pulmonary aspergillosis, invasive or semiinvasive pulmonary aspergillosis and pulmonary
aspergilloma [44].
A large part of waste in Gwalior is recycled by rag
pickers as Gwalior city does not have any proper waste
management system. The rag pickers are those who
forage the waste dumpsites searching for the hidden
treasure in the waste and convert waste into wealth.
Apparently poor healthy young men are involved in
this business which serves as a source of livelihood for
them. This type of occupation has several health risk
factors. The rag pickers do not have sufficient personal
protective equipments during recycling of the waste in
Gwalior and are not usually well protected and they go
about with shabby clothes and worn-out shoes or
slippers.
The tragedy is that rag pickers are unaware about the
health risk factors, of this profession. The fungal strains
isolated from the waste are causative agents of different
types of diseases. There is not a proper mechanism of
waste separation at source in Gwalior city. The
government has never educated people of Gwalior to
separate waste at source and the households were not
provided dust bins to separate the waste. It was
observed that the heaps of the waste remain at the
dumping sites uncovered for weeks and that is enough
for fungal strains to reproduce and cause diseases not
only to the workers but to the entire residents of the
area. The study has not investigated the bacterial
species present at these sites which is a limitation to
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arrive on some solid conclusions. However, the
detailed studies must be carried out to identify the
bacterial strains and clinical investigations of the rag
pickers may prove very fruitful to make further
recommendations.
Arising out of limitations related to present study some
uncertainties would always remain, however, waste a
resource at wrong place in wrong time should be
managed based on the responses of most groups of
persons (rag pickers in present study), who are most
often neglected when such strategies are formed out in
air conditioned offices and they are invited. Under the
circumstances, exposure studies for population at risk
need to be investigated in general, and examine long
term effects of the reduction or increase of exposure to
a pollutant in the waste. Our present analysis, in
particular points out that rag pickers happen to be the
most sensitive group.

large office buildings. Current Microbiology. 2000;
40(1): 10-16.
[7] Pieckova E, Jesenska Z. Microscopic fungi in
dwellings and their health implications in humans. The
Annals of Agricultural and Environmental Medicine.
1999; 6(1): 1-11.
[8] Shelton BG, Kimberly H, Flanders DW, Morris
GK. Profiles of airborne fungi in buildings and outdoor
environments in the United States. Applied and
Environmental Microbiology. 2002; 68(4): 1743-53.
[9] Curtis L, Allan L, Stark M, Rea W, Vetter M.
Adverse health effects of Indoor Molds. Journal of
Nutritional & Environmental Medicine. 2004:14(3):
261-74.
[10] Olutiola, PO. Cellulolytic enzymes in culture
filtrates of Aspergillus clavatus’, Journal of General
Microbiology. 1977; 102: 27-31.
[11] Pointing, SB. 1999. Qualitative methods for the
determination
of
lignocellulolytic
enzyme
productionby tropical fungi, Fungal Diversity. 1999:
2(1):17-33.
[12] Borrello P, Gucci PM., Musmeci L, Pirrera A..
Themicrobiological characterization of the bioaerosol
and leachate from an urban solid refuse dump:
preliminary data. Annali dell'Istituto Superiore di
Sanità. 1999; 35(3): 467-71.
[13] Boccia A, Del Cimmuto A, Tufi D, De Giusti M.
Grisolia, M. Esperienze di monitoraggioigienicosanitario in unimpianto di trattamento di Rifiuti Solidi
Urbani Hygiene and health monitoring in an Urban
Solid Waste treatment Plant. Igiene e Sanità Pubblica.
2003;59(4): 215-38.
[14] Ivens UI, Ebbenhoj, Poulsen OM, Skov T..
Equipment,
and
Job
Function
Related
to
Gastrointestinal Problems in Waste Collectors.
Occupational Environment Medicine. 1997; 54(12):
861-67.
[15] http://www.census2011.co.in/census/district/288gwalior.html/ accessed. 18.04.2016.
[16] CPCB. Report on Status Of Municipal Solid
Waste Management In Gwalior City Central Pollution
Control Board Central Zonal Office Bhopal. (2010 11).
[17] Verma Anita, Jaiswal YK, Wani KA. Energy
Consumption Behaviour of an Urban Residential
Sector in the Northern Province of Madhya Pradesh
(India) Indoor and Built Environment. 2012;
21(5):703–09
[18] Abdullah MH. Prevalence of airborne Aspergillus
flavus in Khartoum (Sudan) airspora with reference to
dusty weather and inoculum survival in simulated
summer conditions. Mycopathologia. 1988(3);104:
137-41.
[19] Li DW, Kendrick B. Indoor aeromycota in
relation to residential characteristics and allergic
symptoms. Mycopathologia. 1995;131(3):149-57

ETHICAL ISSUES
The participants were informed about the purpose of
the study and due permission was taken from every
participant and signatures were taken from each
participant.

CONFLICT OF INTEREST
NIL

AUTHORS’ CONTRIBUTIONS
Every author participated equally for the present study
during each stage of the present work

FUNDING/SUPPORTING
NIL

REFERENCES
[1] Reponen SA, Grinshpun KL, Conwell JW,
Anderson M. Aerodynamic versus physical size of
spores: measurement and implication on respiratory
deposition. Grana. 2010; 40(2):119–25.
[2] Collins CA, Kennedy DA. The microbiological
hazards of municipal and clinical wastes. Journal of
Applied Bacteriology. 1992; 73 (1): 1-6.
[3] McGinnis MR. Laboratory Handbook of Medical
Mycology. Academic Press, NY. USA. 1980; 661.
[4] AL-Doory Y. Air borne fungi- In: Y AL Doory,
Domson J. F.. Mouldy Allergy (1st eds). Lea and
Febiger Publish. Philadelphia. 1984,pp.27.
[5] Agrawal GP. and Hasija, SK. Microorganism in the
laboratory.
A Laboratory guide for Mycology:
Microbio. Plant Pathology. Prins House Lucknow
(India). 1986; 155.
[6] Burge HA, Pierson DL, Groves TO, Strawn KF,
Mishra KS. Dynamics of airborne fungal populations in
727

Iranian Journal of Health, Safety & Environment, Vol.4, No.2, pp.722-728

[20] Leong SL, Pettersson OV, Rice T, Hocking AD.
Schnurer J. The extreme xerophilic mould Xeromyces
bisporus Growth and competition at various water
activities, International Journal of Food Microbiology.
2011; 145 (1): 57-63.
[21] Gautam SP, Bundela PS, Pandey AK, Awasthi
MK, Sarsaiya S (2010). Screening of cellulolytic fungi
for management of municipal solid waste. J App
Journal of Applied Sciences in Environmental
Sanitation. 5(4): 391-95.
[22] Reese ET, Levinson HS. A comparative study of
the breakdown of cellulose by microorganism, Plant
Physiology. 1952(5): 345-366.
[23] Crawford JM. Liver and biliary tract.In V.
Kumar’, A. Abbas and N. Fausto (Eds.). Pathologic
Basis of Disease, 7th Ed., Elsevier Saunders,
Philadelphia, PA. 2005.
[24] Mulac D1, Humpf HU. Cytotoxicity and
accumulation of ergot alkaloids in human primary
cells. Toxicology. 2011 Apr 11;282(3):112-21.
[25] Rick EM, Woolnough K, Pashley CH1, Wardlaw
AJ. Allergic Fungal Airway Disease. Journal of
Investigational Allergology and Clinical Immunology.
2016;26(6):344-54.
[26] Rajasekar A. Balasubramanian R. Assessment of
airborne bacteria and fungi in food courts, Building and
Environment. 2011; 46 (10): 2081-87.
[27] Kennedy SM, Copes R, Bartlett KH, Brauer M.
‘Point of- sale glass bottle recycling: indoor airborne
exposures and symptoms among employees,
Occupational and Environmental Medicine. 2004;
61(7): 628–35.
[28] Rene E, Montes M, Veiga MC, Kennes C.
Biotreatment of gas-phase VOC mixtures from
fiberglass and composite manufacturing industry,
Journal of Biotechnology. 2010; 150 (1): 218-19.
[29] Vacher S, Hernandez C, Bartschi C, Poussereau
N. Impact of paint and wall paper on mould growth on
plasterboards
and
aluminum.
Building
and
Environment. 2010; 45 (4): 916-21.
[30] Hoang CP, Kinney KA, Corsi R L, Szaniszlo PJ.
Resistance of green building materials to fungal
growth. International Biodeterioration Biodegradation.
2010; 64 (2): 104-13.
[31] Zadrazil F, Galletti GC, Piccaglia R, Chiavari
Francioso O. Influence of oxygen and carbon dioxide
on cell wall degradation by white-rot fungi, Animal
Feed Science and Technology. 1991; 32 (1–3): 137–42.
[32] Airaksinen M, Pasanen P, Kurnitski J, Seppanen
O. Microbial contamination of indoor air due to
leakages from crawl space: A field study. Indoor air.
2004; 14(1): 55-64.
[33] Husman, T. Health effects of indoor-air
microorganisms, Scandinavian Journal of Work,
Environment Health. 1996; 22(1): 5-13.

[34]
Beezhold DH, Green BJ, Blachere FM,
Schmechel D, Weissman DN, Velickoff D, Hogan
MB., Wilson NW. Prevalence of allergic sensitization
to indoor fungi in 70.West Virginia. Allergy and
Asthma Proceedings. 2008; 29(1): 29-34.
[35] Burge HA. Rogers CA. Outdoor allergens.
Environmental Health Perspectives, 2000;108(4): 65359.
[36] Jaakkola MS, Laitinen S, Piipari R, Uitti J,
Nordman
H,
Haapala
AM,
Jaakkola,
JJ.
Immunoglobulin G antibodies against indoor
dampness-related microbes and adult-onset asthma: a
population-based incident case-control study. Clinical
and Experimental Immunology. 2002; 129(1): 107–
112.
[37] Boyacioglu H, Haliki A, Ates M, Guvensen A,
Abaci O. The statistical investigation on airborne fungi
and pollen grains of atmosphere in Izmir-Turkey.
Environmental Monitoring and Assessment. 2007; 135
(1–3): 327–34.
[38] Varani S, Stanzani M, Paolucci M, Melchionda F,
Castellani G, Nardi L, Landini MP, Baccarani M,
Pession A, Sambri V. Diagnosis of bloodstream
infections in immune compromised patients. Journal of
Infection. 2009; 58(5):346-51.
[39] Hedayati MT, Mayahi S, Denning DW. A study
on Aspergillus species in houses of asthmatic patients
from Sari City, Iran and a brief review of the health
effects of exposure to indoor Aspergillus.
Environmental Monitoring and Assessment. 2010; 168
(1–4): 481–87.
[40] Uztan AH, Ates M, Abaci O, Gulbahar O, Erdem
N, Ciftci O, Boyacioglu H. Determination of potential
allergenic fungal flora and its clinical reflection in
suburban elementary schools in Izmir. Environmental
Monitoring and Assessment. 2010; 168 (1-4): 691–02.
[41] Marcoux D, Jafarian F, Joncas V, Buteau C,
Victor Kokta V, Moghrabi A. Deep cutaneous fungal
infections in immunocompromised children. Journal of
the American Academy of Dermatology. 2009; 61(5):
857–864.
[42] Wang W, Ma X, Ma Y, Mao L, Wu F, Ma X, An
L, Feng H. Seasonal dynamics of airborne fungi in
different caves of the Mogao Grottoes, Dunhuang,
China.
International
Biodeterioration
&
Biodegradation.2010; 64(6): 461–66.
[43] Baxter CG, Jones AM, Webb K, Denning DW.
Homogenisation of cystic fibrosis sputum by
sonication-An essential step for Aspergillus PCR.
Journal of Microbiological Methods. 2011; 85(1): 75–
81.
[44] Kawel N, Schorer G, Desbiolles L, Seifert B,
Marincek B, Boehm T. Discrimination between
invasive pulmonary aspergillosis and pulmonary
lymphoma using CT. European Journal of Radiology.
2011; 77(3): 417–25.
728

