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Objectives of the Project 

1. Determination of size distribution of bioaerosol and respirable fractions(PM10) over Delhi. 

2. Determination of correlation between different size fractions over Delhi. 

3. Determination of correlation between bioaerosol of different size with the pollutant of different 

size. 

4. Characterization of different bioaerosol using SEM (Scanning Electron Microscope). 

5. To determine the correlation between bioaerosol, pollutants and different meterological 

parameters (temperature, wind direction, wind speed and humidity). 
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Chapter 1 

 

INTRODUCTION 

 Rapid urbanization and industrialization lead to the production of many industries and migration 

of many people from rural areas to urban areas. This creates a load of heavy vehicular traffic in 

urban areas as people need transport to go to one area to another area. This urbanization also 

creates a construction of landfill for safe disposal of solid waste. This introduces different types 

of pollutants in the environment producing adverse changes in the water, soil, air and climate. 

Air pollution is known to cause local problem including damage of materials, human health and 

sometimes creating a zero visibility among a particular region as well as on geographical and 

global scale such as ozone depletion and climate change.  Air pollution (both outdoor and indoor 

air pollution) was responsible for the premature death of 3 million people each year (Lave et al., 

1979) and reached to 7 million by 2012 that is double of the previous estimate (WHO, 2014). 

Air pollution can cause health hazards by affecting people in different ways, having both short 

term and long term effects (Chen, 2008). Young children and elderly people are more sensitive 

to pollutants than others. Air pollution adversely affects people with heart, asthma, and lung 

diseases. The pollutant which is responsible for air pollution are of two types: abiotic (particulate 

matter, various metals, and gaseous pollutant such as Sulphur oxides (SOx), especially sulphur 

dioxide(SO2), Nitrogen oxides (NOX), especially nitrogen dioxide(NO2), Carbon monoxide 

(CO), Volatile organic compounds (VOCS)) & biotic (mainly include bioaerosol). The aerosol 

present in the near surface atmosphere which is typical of biological origin include mainly of 

fungal spores, bacteria, viruses, different form of pollen grain, any fragment from plant, animals 

or any living organism as well as by-product or secondary metabolite of microbial metabolism 

present in the form of particulates, liquid and volatile organic compounds (VOCs) are commonly 

known as the bioaerosol (Stetzenbach et al., 2004).  

It is well known that biogenic aerosols have a significant effect on human health, the 

environment, climate, atmosphere and another phenomenon (Poschl, 2005; Jaenicke et al., 

2007; Ho and Duncan, 2005; Huffman et al., 2010). Fungi live everywhere and they originate 

from different environments such as soil, plants, and water. Air borne fungal spore depends on 
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geographical location, air pollution as well as meteorological parameters.(D’Amato et al., 1984; 

Lin and Li., 2000). 

Majority of bioaerosol fall in the respirable size ranges, namely; 0.003 µm for viruses (Taylor, 

1988), 1 to 30 µm for fungi (Gregory, 1973), 0.25 to 20 µm for bacteria (Thompson, 1981) and 

from 17 to 58 µm for plant pollens (Stanley and Linskin, 1974). The size distributions of 

bioaerosol were studied and found that it varied with regions. Particles of different sizes have 

been distributed into four categories according to their diameter by the US Environmental 

Protection Agency (EPA) such as ultrafine <0.1 μm, fine 0.1 -2.5 μm, coarse 2.5 -10 μm and 

super coarse > 10 μm (EPA 2004). According to studies carried out in different countries such as 

Sweden (Bovallius et al., 1978), The United States (Lighthat and Shaffer, 1995) as well as in 

Asian country such as China (Fang et al., 2004; Liu et al., 2008; Xu et al., 2011) majority of 

bacteria exist in coarse particles (>2.5 μm). Both density and shape of the particle play a key role 

in its aerodynamic diameter. Thus along with filtration and separation, respiratory deposition is 

also characterized by the aerodynamic diameter of the particle (Hassan & Lau, 2009). The 

American Conference of Governmental Industrial Hygienists (ACGIH), the International 

Organization for Standardization (ISO), and the European Standards Organization (CEN) have 

reached agreement on definitions of the inhalable, thoracic and respirable fractions of dust 

particle (ACGIH, 1999; ISO, 1995; CEN, 1993; ICRP, 1994). So in occupational hygiene 

terms such as “inhalable”, “thoracic” and “respiratory” particles are mostly used rather than 

using the terms “fine” and “coarse” particles. Particles have the tendency to deposit in various 

parts of the human respiratory system, wherein the principal factor that determines the deposition 

location is the particle size. In relative to deposition concerns, ISO (1995) uses the following 

particle size classifications: 

(a) Inhalable fraction – mass fraction of total airborne particles that can be inhaled through the 

nose and mouth. 

(b) Thoracic fraction – mass fraction of inhaled particles that can penetrate beyond the larynx. 

(c) Respirable fraction – mass fraction of inhaled particles that can reach the gas exchange region 

of the lung. 
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In addition, these countries have their own national air quality standards for the bioaerosol 

concentration. Table 1.1 present recommended international standards of bioaerosol. 

According to European Standardization Committee, the 50% cut-off diameter for both respirable 

fraction and thoracic fraction are 4 μm and 10 μm respectively (CEN 1993). Out of the total 

airborne mass fraction, the inhalable fraction is made up of particles that are easily inhaled via 

both mouth and nose. Out of the particles with diameter >50 μm that enter the nose and mouth, 

particles with diameter >10 μm are found to be deposited on the ventilation pathway surfaces 

just above the trachea. Fine particles gain entry to the alveolar region of the lungs. In the case of 

fungi, although the particle size was found to be different in various regions yet their size 

distribution exhibited a single peak distribution. In addition, the airborne microbes were found 

primarily in coarse particles with diameters larger than 2.5 μm (Li et al., 2011). 

Sources of bioaerosol in the indoor environment include floor cavities, ceiling, wall 

contaminated with fungus; building materials and furnishings as well as the movement of spores, 

cells and cell fragments through gaps in structural joints and wall openings (Srikanth et al., 

2008; Ghosh et al., 2015, Lal et al., 2013). Other factors like dwellers, transporters, services, 

domestic animals, water spray, and putrefactions were found the major contributors in microbial 

concentration in the ambient environment (Pathak and Verma, 2009).  
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Chapter 2  

 

MATERIALS AND METHODS 

2.1 Study Area:  

Delhi, being the capital, is the chief metropolitan city of India. It is spread between the latitudes 

of 28°24′17″ to 28°53′ and the longitudes of 76°20′37″ to 77°20′37″ at an elevation of around 

213.3 to 305.4 m above sea level. The atmosphere of Delhi is subtropical and is characterized by 

a semi-arid climate which consists of summer (April to June), Monsoon (July to September), 

Autumn (September to November), Winter (December to January), Spring (February to March). 

Delhi experiences a maximum temperature of approximately 45- 48 ºC in June during the 

summer season and a minimum of about 1-2ºC in January during the winter season. The average 

rainfall is around 611mm. The air over Delhi is dry during the greater part of the year. Humidity 

is high in the monsoon season while April and May are the driest months. Normally, north–

westerly winds prevail during the year, while in the months of June and July, south–easterly 

winds predominate. According to the 2011 Census, Delhi’s population was 16.75 million. 

2.2 Sampling Sites: 

To fulfill the objectives of the study, samples of bioaerosol were collected at six different 

locations in Delhi. The description of sampling sites is given in table 1. The samples were 

collected on different weekdays in all the seasons at these locations (figure 1). Further, 

meteorological conditions viz temperature, relative humidity, and wind speed were also recorded 

at each sampling site during the duration of sampling. 

Table 1: Description of Sampling Sites 

S.No. Sampling Site Site Type 

1. Jawaharlal Nehru University (JNU) Residential cum Institutional 

2. Connaught Place (C.P) Commercial 

3. ITO Heavy Traffic 

4. Okhla Industrial 

5. Hazrat Nizamuddin (H.NZM) Residential 

6. Uttam Nagar (U.N) Sub Urban 



       Annexure 2 

        

5 
 

 

 

 

Figure 1: Location of Sampling Sites. 
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2.3 Sampling Instrument: 

The bioaerosol sampling was done with the help of Anderson sixth stage viable cascade impactor 

(Tisch Environmental, Inc.) 

2.3.1 Anderson sixth stage viable cascade impactor: 

The six-stage Viable Particle Sampler is a multi-orifice, cascade impactor which is normally 

used to measure the concentration and particle size distribution of aerobic bacteria and fungi in 

ambient air. The instrument has been widely used as a standard for enumerating the viable 

particles in a microbial aerosol. Viable particles can be collected on a variety of bacteriological 

agar and incubated in situ for counting and identification. This sampler was calibrated so that all 

particles collected, regardless of physical size, shape, or density, are sized aerodynamically and 

can be directly related to human lung deposition. 

2.3.2 Aerodynamic Particle Sizing: 

The human respiratory system tract is an aerodynamic classifying system for airborne particles. 

A sampling device can be used as a substitute for the respiratory tract as a collector of viable 

airborne particles, and as such, it should reproduce to a reasonable degree the lung penetration by 

these particles. The fraction of inhaled particles retained in the respiratory system and the site of 

deposition vary with all the physical properties (size, shape, density) or the particles which make 

up the aerodynamic dimensions. Because the lung penetrability of unit density particles is known 

and since the particle sizes that are collected on each stage of the Tisch Viable Samplers have 

been determined, if a standard model of these samplers is used according to standard operating 

procedure, the stage distribution of the collected material will indicate that extent to which the 

sample would have penetrated the respiratory system.  

Figure 2 shows the deposition efficiencies in the nasal-pharyngeal, tracheo-bronchial and 

pulmonary regions of the human respiratory tract as a function of particle size. Large particles 

deposit primarily in the nasal-pharyngeal area, whereas particles of sub-micrometer size particles 

deposit mainly in the pulmonary area Numerous small round jets improve collection (impaction) 

efficiency and provide a sharper cutoff of particle sizes on each stage of inertial impactors. Thus, 

the Six-Stage sampler with 400 small round jets per stage meet all the criteria for the efficient 

collection of airborne viable particles. Reports have discussed a reduced efficiency in cascade 

impactors when particles bounce off the impaction surface, are restrained and lost in the exhaust 

air. This effect is minimized when a sticky agar surface is used as the collection medium. 
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Figure 2: Simulation of Human Respiratory System with Anderson Cascade Impactor. 

 

2.3.3 Six-Stage Viable Particle Sampler Description: 

The Tisch Viable Particle sampler is constructed with six aluminum stages that are held together 

by three spring clamps and sealed with 0-ring gaskets (Figure 3). Each impactor stage contains 

multiple precision drilled orifices. When air is drawn through the sampler, multiple jets of air in 

each stage direct any airborne particles toward the surface of the agar collection surface for that 

stage. The size of the jet orifices is constant within each stage, but are smaller in each succeeding 

stage. The range of particle sizes collected in each stage depends on the jet velocity of the stage 

and the cutoff of the previous stage. Any particle not collected on the first stage follows the air 

stream around the edge of the Petri dish to the next stage. 

Each stage contains 400 orifices with diameters ranging from 1.18 mm on the first stage to 0.25 

mm on the sixth stage. Each stage has a removable glass Petri dish with a glass or metal cover. 

The exhaust section of each stage is approximately 19mm larger in diameter than the Petri dish, 

which allows unimpacted particles to go around the dish into the next stage. 
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Figure 3: Tisch Six-Stage Viable Sampler 

 

Table 2: Table of jet orifice dimensions and particle size ranges of each stage 

The jet orifice dimensions and particle size ranges for each stage are: 

Stage  Orifice Diameter (mm)  Range of Particle Sizes (Microns) 

    

1 

 

1.18  7.0 and above 

2 

 

0.91  4.7-7.0 

3 

 

0.71  3.3-4.7 

4 

 

0.53  2.1-3.3 

5 

 

0.34  1.1-2.1 

6 0.25  

 

0.65-1.1 
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2.4 Sampling procedure:  

The air sample was collected on a Petri dish loaded with the selective media, namely Potato 

Dextrose Agar (PDA) for fungi, Blood Agar (B.A) for Gram-Positive Bacteria and Eosin 

Methylene Blue Agar (EMB Agar) for Gram Negative Bacteria with the help of Six Stage 

Anderson Viable Cascade Impactor. However, the selective media was used for culturing the bio 

aerosol but anti-fungal chemical (Cycloheximide) was added in the Blood Agar and EMB Agar. 

The air was drawn to the Petri dish at a flow rate of 28.3 LPM. Sampling time was 2 minutes for 

all the six sites throughout the sampling period. Sampling was done at a height of about 1.3meter 

to simulate the human respiratory tract. Apart from that the Blank Petri dish sample was prepared 

and was taken to the field at each time of sampling but the air was not withdrawn from them. The 

results were blank corrected. 

2.5 Preparation, identification, and enumeration of culturable bio aerosols: 

2.5.1 Sample Preparation: 

After bio aerosol sampling, exposed agar plates were incubated at the appropriate temperature 

for times ranging from hours for a fast-growing bacterium to develop a micro colony to days for 

a fungus to develop into a visible colony. In this study, the bacterial colonies were incubated at 

32
o
C-37

o
C for 3-5 days for both GNB and GPB. The fungal colonies were incubated at 25-27

o
C 

for 3 days. After the incubation period, the growth of colony was observed and counted as 

Colony Forming Units (CFU m
-3 

). However in the case of Fungi, few colonies did not produce 

spore after 7 days of sampling, thus they called as non-sporulating colony. Fungi were identified 

by the direct observation of colony morphological feature basis. 

 

2.5.2 Enumeration 

The concentration (in terms of CFU m
-3

) of culturable microorganisms is calculated by dividing 

the volume of air sampled from the total number of colonies observed on the plate. A colony is a 

macroscopically visible growth of microorganisms on a solid culture medium. Concentrations of 

culturable bioaerosols normally are reported as colony forming units (CFU) per unit volume of 
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air sampled. CFU is the number of microorganisms that can replicate to form colonies, as 

determined by the number of colonies that develop. 

 

Bioaerosol Concentration (CFU m
-3

) =   

Flow rate = 28.3 lit/min = 0.0283 m
3
/min 

 

Bioaerosol Concentration (CFU m
-3

) =   

                                                        0.0283 × sampling duration (minutes) 

In many cases it is difficult to identify multiple colonies at one location on a plate because of 

several reasons, firstly the lack of differential colony morphology and secondly chemicals 

secreted by one microorganism might inhibit the growth of other microorganisms at that same 

location (Burge, 1977). In addition, some organisms produce large, spreading colonies, while 

others produce microcolonies. Moreover, the morphology of the colony of a specific 

microorganism may completely obscure that of another, and a slow-grower might get obscured 

by the faster one. In these cases, a statistical adjustment of the observed number of colonies is 

needed to account for the probability that more than one particle impacted the same site 

(Anderson 1958; Leopold, 1988; Macher, 1989). The adjusted concentration of culturable 

microorganisms is calculated by following the reference 

http://www.skcinc.com/catalog/pdf/Multiple_Jet_Impactors.pdf. 

 

2.5.3 Identification: 

For identification of fungi, took the smaller portion of fungus colony with the help of inoculum 

loop and placed it on a slide containing 4% NaCl. A drop of Cotton Blue Stain is added over it 

for staining purpose and left for 1-2 min. The area is covered by a cover slip and now ready for 

microscopic examination and visual identification. 

             For Bacterial identification, on a clean slide, a thin film of bacterial culture was 

produced and stained with ammonium oxalate crystal violet solution for 1 min. Then the slide 

was washed with water to remove excess stain from it, immersed in an iodine solution for a 

No. of colonies 

Flow rate × sampling duration (minutes) 

No. of colonies 

http://www.skcinc.com/catalog/pdf/Multiple_Jet_Impactors.pdf
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minute and again washed with water and allow to dry. It was then dipped in 95% ethanol for the 

30s and safranin solution for 10s. After final water wash, glycerine was added and is covered 

with a cover slip for prior microscopic examination. In microscope GPB show purple in color 

and GNB show red in color. By microscopic examination, the only conformation of gram-

positive and gram-negative bacteria has been done. No individual species could be determined 

using this method. 
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Chapter 3 

 

Results and Discussion 

The observed values of the concentrations of different bioaerosols at each site in all the four 

seasons, namely, summer, winter, post-monsoon, and monsoon, are presented in figures 4 to 6. 

 

3.1 The concentration of bioaerosol at different seasons at different sites: 

3.1.1 Fungi : 

As seen in figure 4, in 2013-14, the fungal bioaerosol concentration ranged from (914.31- 130.30 

CFU M
-3

) with the maximum at Hazrat Nizamuddin site while the minimum at Okhla site. In the 

Post Monsoon season, the highest fungal bioaerosol concentration (914.31 CFU M
-3

) was found 

at Hazrat Nizamuddin site while lowest concentration (309.19 CFU M
-3

) was found at Cannaught 

Place site. In winter season the highest fungal bioaerosol concentration (675.79 CFU M
-3

) was 

found at Hazrat Nizamuddin site while lowest fungal bioaerosol concentration was at Cannaught 

Place site (494.79 CFU M
-3

). In Summer season, the highest fungal bioaerosol concentration 

(456.42 CFU M
-3

) was found at Uttam Nagar site while lowest fungal bioaerosol concentration 

was at Okhla site (188.45 CFU M
-3

). In Monsoon Season, the highest fungal bioaerosol 

concentration (567.58 CFU M
-3

) was found at ITO site while lowest fungal bioaerosol 

concentration was again at Okhla site (130.30 CFU M
-3

). 

In 2014-15, the fungal bioaerosol concentration ranged from (1174.91- 259.13 CFU M
-3

) with 

the maximum at Hazrat Nizamuddin site while the minimum at JNU site. In the Post Monsoon 

season, the highest fungal bioaerosol concentration (636.04 CFU M
-3

) was found at Hazrat 

Nizamuddin site while lowest concentration (312.13 CFU M
-3

) was found at ITO site. In Winter 

Season, the highest fungal bioaerosol concentration (1174.91 CFU M
-3

) was found at Hazrat 

Nizamuddin site while lowest concentration (636.04 CFU M
-3

) was found at ITO site. In 

Summer Season, the highest fungal bioaerosol concentration (412.25 CFU M
-3

) was found at 

Hazrat Nizamuddin site while lowest concentration (259.13 CFU M
-3

) was found at JNU site. In 

Monsoon Season, the highest fungal bioaerosol concentration (556.54 CFU M
-3

) was found at 

ITO site while lowest concentration (295.94 CFU M
-3

) was found at Okhla site. The reason of 

fungal bioaerosol concentration is due to factors like dwellers, transporters, services, domestic 

animals, water spray, and putrefactions were found the major contributors in microbial 
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concentration in the ambient environment (Pathak and Verma, 2009). Fungi live everywhere 

and they originate from different environments such as soil, plants, and water. Air borne fungal 

spore depends on geographical location, air pollution as well as meteorological 

parameters.(D’Amato et al., 1984; Lin and Li., 2000). 

 

Figure 4: Concentration of fungal bioaerosol at different seasons at different sites 
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Place site. In the Post Monsoon season, the highest Gram-Negative bacterial bioaerosol 

concentration (194.35 CFU M
-3

) was found at JNU site while lowest concentration (70.67 CFU 

M
-3

) was found at both sites (Cannaught Place and Okhla) respectively. In winter and summer 

season both, the highest Gram-Negative bacterial bioaerosol concentration(335.69CFU M
-3

, 

1107.18CFU M
-3

) was found at Uttam Nagar site while lowest Gram-Negative bacterial 

bioaerosol concentration was at Cannaught Place and JNU site (114.84CFU M
-3

,541.81CFU M
-

3
). In Monsoon Season, the highest Gram-Negative bacterial bioaerosol concentration (591.87 

CFU M
-3

) was found at ITO site while lowest Gram-Negative bacterial bioaerosol concentration 

was at JNU site (340.11 CFU M
-3

). 

 

 

Figure 5: Concentration of GNB bioaerosol at different seasons at different sites 

 

3.1.3 Gram-Positive Bacteria: 

As seen in figure 6, in 2013-14, the Gram-Positive bacterial bioaerosol concentration ranged 

from (9667.26-320.24 CFU M
-3

) with the maximum at Uttam Nagar site while the minimum at 

JNU site. In the Post Monsoon season, the highest Gram-Positive bacterial bioaerosol 

concentration (1170.50 CFU M
-3

) was found at JNU site while lowest concentration (552.08 

CFU M
-3

) was found at Cannaught Place site. In the winter season, the highest Gram-Positive 

bacterial bioaerosol concentration (2062.72 CFU M
-3

) was found at Okhla site while lowest 

Gram-Positive bacterial bioaerosol concentration was at ITO site (513.24 CFU M
-3

). In Summer 

0.00 

200.00 

400.00 

600.00 

800.00 

1000.00 

1200.00 

P
o

st
-M

o
n

so
o

n
 

W
in

te
r 

Su
m

m
er

 

M
o

n
so

o
n

 

P
o

st
-M

o
n

so
o

n
 

W
in

te
r 

Su
m

m
er

 

M
o

n
so

o
n

 

2013-2014 2014-2015 

C
o
n
ce

n
tr

at
io

n
 (

 C
F

U
 M

-3
) 

 
 

GNB JNU 

OKHLA 

H.N 

ITO 

C.P 

U.N 



  Annexure 2   

15 
 

season, the highest Gram-Positive bacterial bioaerosol concentration (9667.26 CFU M
-3

) was 

found at Uttam Nagar site while lowest Gram-Positive bacterial bioaerosol concentration was at 

JNU site (971.73 CFU M
-3

). In Monsoon Season, the highest Gram-Positive bacterial bioaerosol 

concentration (1199.19 CFU M
-3

) was found at Uttam Nagar site while lowest Gram-Positive 

bacterial bioaerosol concentration was again at JNU site (320.24 CFU M
-3

). In 2014-15, the 

Gram-Positive bacterial bioaerosol concentration ranged from (1740.28-406.36 CFU M
-3

) with 

the maximum at Hazrat Nizamuddin site while the minimum at JNU site. In the Post Monsoon 

season, the highest Gram-Positive bacterial bioaerosol concentration (1154.30 CFU M
-3

) was 

found at  Hazrat Nizamuddin site while lowest concentration (583.04 CFU M
-3

) was found at 

Cannaught Place site. In the winter season, the highest Gram-Positive bacterial bioaerosol 

concentration (1740.28 CFU M
-3

) was found at Hazrat Nizamuddin site while lowest Gram-

Positive bacterial bioaerosol concentration was at JNU site (406.36 CFU M
-3

). In Summer 

season, the highest Gram-Positive bacterial bioaerosol concentration (1378.09 CFU M
-3

) was 

found at Uttam Nagar site while lowest Gram-Positive bacterial bioaerosol concentration was at 

Cannaught Place site (883.39 CFU M
-3

). In Monsoon Season, the highest Gram-Positive 

bacterial bioaerosol concentration (971.73 CFU M
-3

) was found at Uttam Nagar site while lowest 

Gram-Positive bacterial bioaerosol concentration was again at JNU site (538.87CFU M
-3

). 

 

 

Figure 6: Concentration of GPB bioaerosol at different seasons at different sites 
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3.2 The concentration of total bioaerosol at different seasons at different sites: 

 

 

Figure 7: Concentration of total bioaerosol at different seasons at different sites 
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concentration (2499.99 CFU M
-3

) in summer season due to aerosolization of bioaerosol in the 

ambient environment and minimum at winter season (1388.29CFU M
-3

) due to the presence of 

heavy traffic at surrounding sampling site. At Connaught Place site, maximum total bioaerosol 

concentration (1978.80 CFU M
-3

) in summer season due to aerosolization of bioaerosol in the 

ambient environment and minimum at monsoon season (689.05CFU M
-3

) due to rain washout of 

maximum bioaerosol present in the environment. At Uttam Nagar site, maximum total bioaerosol 

concentration ( 11227.91CFU M
-3

) in summer season due to the presence of nearby market and 

movement of people in that area as well as aerosolization of bioaerosol in the ambient 

environment and minimum at monsoon season (1682.85CFU M
-3

) due to rain washout of 

maximum bioaerosol present in the environment.  

In 2014-15, the total bioaerosol concentration ranged from (3100.71CFU M
-3 

to 971.73CFU M
-3

) 

with a maximum at Hazrat Nizamuddin in winter season and minimum at Connaught Place in 

post monsoon season. At JNU site, the maximum total bioaerosol concentration (1596 CFU M
-3

) 

was found at summer season due to aerosolization of bioaerosol particle in the air and minimum 

at monsoon season (1254.42 CFU M
-3

) due to rain washout of bioaerosol particle. At Okhla site, 

the maximum total bioaerosol concentration (2667.84 CFU M
-3

) at winter season due to the 

presence of nearby landfill site and a government hospital and minimum at (1506.18 CFU M
-3

) at 

monsoon season due to washout of a maximum number of bioaerosol particle in that season. At 

Hazrat Nizamuddin site, the maximum total bioaerosol concentration (3100.71 CFU M
-3

) in 

winter season due to the presence of vegetation as well as sewer flowing in the nearby area and 

minimum total bioaerosol concentration (1855.12 CFU M
-3

) in monsoon season due to rain 

washout is the primary cause of low bioaerosol concentration. At both ITO and Connaught Place 

site, the maximum total bioaerosol concentration (1996.47 CFU M
-3

and 1678.45 CFU M
-3

) in 

monsoon season and minimum total bioaerosol concentration (1065.96 CFU M
-3

 and 971.93 

CFU M
-3

) in post monsoon season. At Uttam Nagar site, the maximum total bioaerosol 

concentration (2461.72 CFU M
-3

) in summer season due to the presence of nearby market as well 

as Uttam Nagar Metro Station and Bus Terminal in the close vicinity of the sampling site and 

minimum total bioaerosol concentration (1171.97 CFU M
-3

) in post monsoon season. 
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3.3 Concentrations of fractions of bioaerosol at different seasons: 

 

 

Figure 8: Concentrations of fractions of bioaerosol at different seasons 
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3.4 Size Segregations of Fungi over two years: 

The stage wise size segregation of fungal bioaerosol has been shown in figure 9(a) to figure 9(h) 

of all the six sites. The fungal bioaerosol follows a typical unimodal distribution of bioaerosol in 

the atmosphere that means the concentrations of fungal bioaerosol is increasing respectively 

from stage 1 to stage 4 and then decreasing from stage 4 to stage 6. This shows the fungal 

bioaerosol concentration has its highest concentration at stage 4. This also shows that in the 

atmosphere the maximum viable fungal bioaerosol concentration presents in the size ranges of 

2.1-3.3µ which resembles the size of stage 4 in the viable cascade impactor, and which is also 

resembles the secondary bronchi of the human respiratory system. In the 1
st
 year (2013-14), as 

seen in Figure 9(a) which shows the fungal bioaerosol concentration of the post monsoon season. 

In post-monsoon, the fungal bioaerosol has a high concentration at stage 4 at Hazrat Nizamuddin 

site followed by JNU, Okhla, ITO, Uttam Nagar, and Connaught Place sites except for Okhla site 

which also has a high concentration at stage 2 due to the presence of larger bioaerosol particle in 

the form of a cluster.  Figure 9(b) shows the size segregations of fungal bioaerosol in the winter 

season, In Winter season, the fungal bioaerosol has a high concentration at stage 4 at JNU site 

followed by Hazrat Nizamuddin, Connaught Place, Okhla, ITO, and Uttam Nagar site. Figure 

9(c) shows the size segregations of fungal bioaerosol in the summer season, In Summer season, 

Uttam Nagar site has the high fungal bioaerosol concentration followed by the ITO, Connaught 

Place, Hazrat Nizamuddin, JNU, and Okhla sites. Figure 9(d) shows the size segregations of 

fungal bioaerosol in the monsoon season, In Monsoon season, the fungal bioaerosol has a high 

concentration at stage 4 at ITO site followed by the Hazrat Nizamuddin, Uttam Nagar, 

Connaught Place, JNU, and Okhla sites. 

In the 2
nd

 year(2014-15), as seen in Figure 9(e) which shows the fungal bioaerosol concentration 

of the post monsoon season. In Post monsoon season, stage 4 has the highest concentration of 

fungal bioaerosol and Hazrat Nizamuddin site has the high concentration followed by Okhla, 

JNU, Uttam Nagar, ITO, and Connaught Place sites. Figure 9(f) shows the size segregations of 

fungal bioaerosol in the winter season, In Winter season the fungal bioaerosol concentration has 

a maximum at stage 4 at Hazrat Nizamuddin site followed by Connaught Place, Uttam Nagar, 

Okhla, JNU, and ITO sites. Figure 9(g) shows the size segregations of fungal bioaerosol in the 

summer season, In Summer season, Hazrat Nizamuddin has the highest fungal bioaerosol 

concentration at stage 4 followed by Okhla, Uttam Nagar, JNU, Connaught Place, and ITO sites. 
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Figure 9(h) shows the size segregations of fungal bioaerosol in the monsoon season, In Monsoon 

season,  ITO site has the maximum fungal bioaerosol concentration at stage 4 followed by other 

sites Hazrat Nizamuddin, Okhla, Uttam Nagar, Connaught Place, and JNU sites. 

 

 

Figure 9(a): Size segregation of fungal bioaerosol in Post Monsoon season of 1
st
 year (2013-14) 

 

 

Figure 9(b): Size segregation of fungal bioaerosol in Winter season of 1
st
 year (2013-14) 
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Figure 9(c): Size segregation of fungal bioaerosol in Summer season of 1
st
 year (2013-14) 

 

 

Figure 9(d): Size segregation of fungal bioaerosol in Monsoon season of 1
st
 year (2013-14) 
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Figure 9(e): Size segregation of fungal bioaerosol in Post Monsoon season of 2
nd

 year (2014-15) 

 

 

Figure 9(f): Size segregation of fungal bioaerosol in Winter season of 2
nd

 year (2014-15) 
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Figure 9(g): Size segregation of fungal bioaerosol in Summer season of 2
nd

 year (2014-15) 

 

 

Figure 9(h): Size segregation of fungal bioaerosol in  Monsoon season of 2
nd

 year (2014-15) 
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3.5 Size Segregations of Gram-Positive Bacteria (GPB) over two years: 

The size segregations of Gram-Positive Bacteria (GPB) are shown in all the seasons of 1
st
 year  

(2013-14) and 2
nd

 year (2014-15) from figure 10(a) to figure 10(h). The gram-positive bacteria 

bioaerosol does not follow a typical pattern of distribution of bioaerosol in the ambient 

environment. The gram-positive bacteria bioaerosol has shown the irregular pattern of 

distribution in the atmosphere due to the presence of mainly in the form of the cluster at all sizes. 

This may be the reason that bacteria bioaerosol found at all sizes. The dominance of Gram-

positive bacteria in the air including Staphylococcus and Micrococcus has been reported in 

classrooms (Liu et al., 2000), residential rooms (Pastuszka et al., 2000; Simard et al., 1983) and 

health care facilities (Sarica et al., 2002; Shintani et al., 2004). In this study, Gram-positive 

bacteria were dominant. Since mostly GPB bioaerosol are constituents of the normal human skin 

flora (CEC, 1993), it was likely that the airborne bacteria in the concourse originated from 

pedestrians’ skin flora. In the 1
st
 year (2013-14), the size segregation of GPB bioaerosol has a 

high concentration in summer season due to the presence of warm windy weather followed by 

the winter season, post monsoon season, and then monsoon season. However, in the 2
nd

 year 

(2014-15) the GPB bioaerosol has a high concentration in winter season due to agglomeration of 

a larger particle in the atmosphere followed by summer season, post monsoon season, and then 

monsoon season.  
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Figure 10(a): Size segregation of GPB bioaerosol in Post Monsoon season of 1
st
 year (2013-14) 

 

 

 

Figure 10(b): Size segregation of GPB bioaerosol in Winter season of 1
st
 year (2013-14) 
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Figure 10(c): Size segregation of GPB bioaerosol in Summer season of 1
st
 year (2013-14) 

 

 

Figure 10(d): Size segregation of GPB bioaerosol in Monsoon season of 1
st
 year (2013-14) 
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Figure 10(e): Size segregation of GPB bioaerosol in Post Monsoon season of 2
nd

 year (2014-15) 

 

 

Figure 10(f): Size segregation of GPB bioaerosol in Winter season of 2
nd

 year (2014-15) 
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Figure 10(g): Size segregation of GPB bioaerosol in Summer season of 2
nd

 year (2014-15) 

 

 

 

 

Figure 10(h): Size segregation of GPB bioaerosol in Monsoon season of 2
nd

 year (2014-15) 
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3.6 Size Segregations of Gram-Negative Bacteria (GNB) over two years: 

The size segregations of Gram-Negative Bacteria (GNB) are shown in all the seasons of 1
st
 year 

(2013-14) and 2
nd

 year (2014-15) from figure 11(a) to figure 11(h). Like GPB, GNB bioaerosol 

also does not follow a typical pattern of distribution of bioaerosol in the ambient environment. 

The gram-negative bacteria bioaerosol also showed the irregular pattern of distribution in the 

atmosphere due to the presence of mainly in the form of the cluster at all sizes. This may be the 

reason that bacteria bioaerosol found at all sizes. The GNB bioaerosol also reporting in the 

indoor air of industrial factories (Dutkiewicz et al., 2001), swine house (Bilic et al., 2000; Martin 

et al., 1996) and animal sheds (Andersson et al., 1999). In the 1
st
 year (2013-14), the GNB 

bioaerosol has shown high concentration in summer season due to the presence of warm windy 

weather followed by post-monsoon season, winter season, and monsoon season. However, in the 

2
nd

 year (2014-15) the GNB bioaerosol concentration has shown high concentration in monsoon 

season followed by summer season, winter season, and then post monsoon season. 

 

 

Figure 11(a): Size segregation of GNB bioaerosol in Post Monsoon season of 1
st
 year (2013-14) 
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Figure 11(b): Size segregation of GNB bioaerosol in Winter season of 1
st
 year (2013-14) 

 

 

Figure 11(c): Size segregation of GNB bioaerosol in Summer season of 1
st
 year (2013-14) 
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Figure 11(d): Size segregation of GNB bioaerosol in Monsoon season of 1
st
 year (2013-14) 

 

 

 

Figure 11(e): Size segregation of GNB bioaerosol in Post Monsoon season of 2
nd

 year (2014-15) 
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Figure 11(f): Size segregation of GNB bioaerosol in Winter season of 2
nd

 year (2014-15) 

 

 

 

Figure 11(g): Size segregation of GNB bioaerosol in summer season of 2
nd

 year (2014-15) 
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Figure 11(h): Size segregation of GNB bioaerosol in Monsoon season of 2
nd

 year (2014-15) 

 

3.7 Identification of Fungal bioaerosols 

In total 9 fungal species were identified and they are tabulated in Table 3 with their species 

name. It is important to mention that all these species were present at all the sites. Out of them 

three are immunotoxic, three are allergic while three are harmless. 

Table 3:  Table of characterized fungal bioaerosol. 

       Sampling                                      

         Sites 

 Types 

Of  Fungi 

JNU Okhla Hazrat 

Nizamuddin 

Connaught 

Place 

ITO Uttam 

Nagar 

Aspergillus ≠ 

 

+ + + + + + 

Fusarium × 

 

+ - + + + + 

Dreshelia ≠ 

 

+ - - + - + 

Ulocladium ˟ 

 

+ - + - + - 

Curvularia ≠ 

 

+ + + + + + 

Penicillium ˟ 

 

+ + + + + + 

Alternaria × 

 

+ + + + + + 

Mucor ˟ + + + + + + 

Rhizopus × + + + + + + 

  

× IMMUNOTOXIC            ˟HARMLESS              ≠ ALLERGIC 
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3.8 Linear and multiple regression for bioaerosol concentration: 

Linear regression and multiple regression analyses were carried out between environmental 

parameters (temperature and RH) and bioaerosol concentration (fungus and bacteria). Here, R 

represents coefficient of correlation. 

In case of fungal concentration, from the close study of the results shown in table 4, it was 

evident that both RH and temperature had a weak correlation with fungi (R= 0.352, p< 0.05; R= 

0.444, p< 0.05). Though not much, yet, a substantial improvement could be seen on combination 

of both the regressors (R= 0.457, p< 0.05). Although weakly correlated yet, the linear regressions 

studies were found to be significant (p< 0.05) for fungi. 

 

In case of GPB concentration, it was evident that both RH and temperature had a weak 

correlation alone as well as in combination. The correlation of temperature (R= 0.192, p< 0.05) 

was found to be almost double in comparison to that of RH (R= 0.052, p> 0.05) and also 

increased when combined (R= 0.283, p < 0.05). However, apart from RH the remaining two 

linear regression studies were found to be significant.  

 

Similarly in case of GNB, both RH and temperature had a weak correlation alone as well as in 

combination. The correlation of RH (R= 0.270, p< 0.05) was found to be almost double in 

comparison to that of temperature (R= 0.102, p> 0.05) and also increased when combined (R= 

0.280, p < 0.05). However, apart from temperature the remaining two linear regression studies 

were found to be significant. 

 

Table 4: Statistical results of linear regression for fungal and bacterial concentration 

  

Regression 

 

Parameters Fungi GPB GNB 

 R(p) R(p) R(p) 

Temperature 0.444(0.000) 0.192(0.024) 0.102(0.236) 

R.H 0.352(0.000) 0.052(0.544) 0.270(0.001) 

Temperature and R.H 0.457(0.000) 0.283(0.004) 0.280(0.004) 
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Chapter 4 

 

Conclusions 

From the present study the following important conclusions can be drawn: 

1. In the 1
st
 year (2013-14), the fungal bioaerosol concentration ranged from (914.31- 

130.30 CFU M
-3

) with the maximum at Hazrat Nizamuddin site while the minimum at 

Okhla site. Similarly, in the 2
nd

 year (2014-15), the fungal bioaerosol concentration 

ranged from (1174.91- 259.13 CFU M
-3

) with the maximum at Hazrat Nizamuddin site 

while the minimum at JNU site. This shows that in both the year, Hazrat Nizamuddin site 

shows maximum fungal bioaerosol due to the presence of more vegetation in that area. 

2. In the 1
st
 year (2013-14), the Gram-Negative bacterial bioaerosol concentration ranged 

from (1104.24-132.49 CFU M
-3

) with the maximum at Uttam Nagar site while the 

minimum at ITO site. In the 2
nd

 year (2014-15), the Gram-Negative bacterial bioaerosol 

concentration ranged from (1107.18-70.67 CFU M
-3

) with the maximum at Uttam Nagar 

site while the minimum at Okhla and Connaught Place site. This shows that in both the 

year, Uttam Nagar site has the maximum GNB bioaerosol concentration due to the 

presence of Uttam Nagar Metro Station, Uttam Nagar Bus Terminal as well as the 

presence of market in the surroundings of the sampling area. 

3. In the 1
st
 year (2013-14), the Gram-Positive bacterial bioaerosol concentration ranged 

from (9667.26-320.24 CFU M
-3

) with the maximum at Uttam Nagar site while the 

minimum at JNU site. In the 2
nd

 year (2014-15), the Gram-Positive bacterial bioaerosol 

concentration ranged from (1740.28-406.36 CFU M
-3

) with the maximum at Hazrat 

Nizamuddin site while the minimum at JNU site. The high GPB concentration at Uttam 

Nagar in 1
st
 year (2013-14) and Hazrat Nizamuddin site in the 2

nd
 year (2014-15) shows 

that the both sites are the crowded sites with movements of pedestrians are uncountable at 

daytime and the human are the most suitable source of bacterial bioaerosol as they move, 

they transport bacterial bioaerosol in the ambient environment. 
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4. The concentration of total bioaerosol is high in the summer season of 1
st
 year (2013-14) 

due to presence of warm windy weather which help in creating the stressed environment 

for the growth of bioaerosol and it helps in sporulation of bioaerosol and it is easier for 

bioaerosol to get carried away in that environment while in the 2
nd

 year (2014-15), the 

concentration of total bioaerosol was high in winter season at two sites namely, Okhla 

and Hazrat Nizamuddin sites due to presence of favorable temperature for the growth of 

bioaerosol as well as in winter season the relative humidity is also high than in summer 

season. 

5. As far as the all the three fractions of bioaerosol considered, the GPB bioaerosol 

concentration remained high throughout the both the sampling year followed by GNB 

and Fungal bioaerosol concentration.  

6. Concentration of fungal bioaerosol found in different stages at each site seems to follow a 

typical pattern in all three season with highest concentration at stage 4, whose diameter 

ranges from 2.1 µm to 3.3 µm (synonym to the secondary bronchi of the lungs in human 

body) and lowest concentration at stage 6 with diameter ranging from 0.6 µm to 1.1 µm. 

Hence, the majority of the immunotoxic and allergic fungi found at this stage are mostly 

prone to affect the secondary bronchi in human lungs when inhaled. 

7. Unlike fungi, a gram-positive bacteria seems to follow no pattern at all. The gram-

positive bacteria bioaerosol has shown the irregular pattern of distribution in the 

atmosphere due to the presence of mainly in the form of the cluster at all sizes. This may 

be the reason that bacteria bioaerosol found at all sizes. Maximum concentration found in 

stage 2, 3, 4 and 6 reveals the fact that pharynx, trachea, primary and secondary bronchi 

are mostly affected by gram-positive bacteria. 

8. Like gram positive bacteria, gram negative bacterial concentration too does not follow 

any typical pattern. Since all the three stages are in synonym to the tracheal region with 

primary bronchi and secondary bronchi, thus high concentration at these stages reveals 

that the above mention parts of lungs are more prone area to be infected by gram-

negative bacteria. 



           Annexure 2 

           

37 
 

9. The combined effect of both Temperature and R.H was found to be significant (p< 0.05) 

with both the factors are responsible to play an important role in the emission of 

bioaerosol in the atmosphere. 

10. Out of nine fungal genera identified Rhizopus, Aspergillus and Penicillium were found in 

abundance at all sites. Out of these three, Penicillium is harmless while Aspergillus is 

allergic (with the potential to produce carcinogenic Ochratoxin A and Aflatoxins) and 

Rhizopus is immunotoxic in nature. Fusarium and Alternaria are also found in 

abundance. 
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