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icroorganisms are prevalent
all over the biosphere, and
they have a significant
impact on the organisms
andand the ecosystem (Martinez,

2009b; Tshikantwa et al., 2018). In
the current scenario air pollution has
emerged as a serious problem that is
enclosed with environments and
indoor space. In an indoor
environment, airborne pathogen
transmission is a matter of concern
because it contributes significantly
to

M

Abstract
Microorganisms have a significant
role in the ecosystem. Most of the
airborne pathogens are the leading
cause of infectious diseases. Among
them, Staphylococcus aureus is a
major agent of nosocomial infections
and has developed resistance to
multiple antibiotics. In the current
scenario, Methicillin resistant
Staphylococcus aureus (MRSA)
spread exponentially among most of
the healthy population. In our study,
we have tested the antimicrobial
susceptibility patterns of MRSAs
isolated from both environmental and
clinical samples to various
antibiotics. Out of five environmental
isolates, the minimum inhibition
concentration (MIC) value of
oxacillin against two strains were
128µg/mL. Subsequently, the
antibiogram analysis of seven MRSA
isolates was done using disc diffusion
method. All strains showed multiple
drug resistance (MDR) properties.
Out of the total strains, MRSA 537
was highly resistant to all antibiotics
except linezolid and
chloramphenicol. All strains showed
100% resistance to Cefoxitin, and
ampicillin. While, all MRSA strains
were 100% sensitive to linezolid. Due
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Introduction

to increasing antibiotic pollution in
the environment, alternative
antimicrobial agents are urgently
needed. Therefore, the anti-
staphylococcal activity of a non-
antibiotic compound called            
 N acetyl-cysteine (NAC) was tested
in the present study. NAC alone was
tested on S. aureus ATCC 29213
and S. aureus ATCC 33591 by
micro dilution assay and it displayed
bacteriostatic effects at
concentration 25 mM.

to the spread of infectious diseases
and human pathogenic
microorganisms. Aerosols loaded
with microbes (bioaerosols) are one
of the important air pollutants
(Singh et al., 2021).
Unfortunately, pathogenic bacteria
have evolved to overcome the
existing antibiotics and some
bacterial strains are serious concern
to us. The primary resistance is
inherited by organisms through cell
division (vertical resistance
transfer), while the secondary
resistance is developed during
treatment with antibiotics or contact
with microorganism (Gothwal &
Shashidhar, 2015).
Antibiotics are among the most
successful drugs used in human
therapy, veterinary medicines and
agriculture purposes (Gothwal &
Shashidhar, 2015). The metabolic
activities of bacteria in their natural
habitats can be affected by
antibiotics. At higher antibiotic
load, a metabolic enzyme with a
substrate having similar structure to
an antibiotic, which might modify it,
thus
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thus leading to the emergence of an
antibiotic resistance gene (ARG) in
environments (Martinez, 2009a).
Due to inappropriate use of
antibiotics treatments, the natural
ecosystem contains a high
concentration of antibiotics
(antibiotic load). This has decreased
the likelihood of treating infections
and caused the proliferation of
microorganisms resistant to
antibiotics. They need to be
considered as significant pollutants.
Antibiotic pollution thus has been
attributed directly to the increasing
antimicrobial-resistant (AMR) in the
natural ecosystems. Moreover,
misuse of antibiotics has fostered
the emergence of resistance in
pathogenic bacteria (Choudhury et
al., 2012). The increased prevalence
of antibiotic-resistant bacteria
(ARB) and antibiotic resistance
mechanisms in the environment has
termed as "antibiotic resistance
pollution" (Kraemer et al., 2019).
AMR among bacteria crosses
geographic barriers thereby making
it harder to treat and increasing the
risk of disease spread (Lowy, 2003).
Microbes adopting AMR to multiple
drugs are also called “superbugs”
(Magiorakos et al., 2011).
In the environment, ESKAPE
pathogens are groups of
microorganisms belonging to both
Gram-positive and Gram-negative
bacteria. They have resistance to the
biocidal effect of antibiotics. The
acronym ESKAPE comprises
Enterococcus_faecium,
Staphylococcus aureus,
Klebsiella_pneumoniae, anni

Acinetobacter_baumannii,
Pseudomonas_aeruginosa,__and
Enterobacter species. (Pendleton et
al., 2013). S. aureus is one of the
ESKAPE pathogens and contributes
significantly to increased
mortality/morbidity due to
nosocomial infections. Furthermore,
S. aureus is a Gram-positive,
coccus-shaped and a huge
proportion of them are methicillin
resistance, which makes them lethal
for immunocompromised people
(Jadimurthy et al., 2022). Thus,
spread of S._aureus in the
community-acquired settings has
become a global health concern
(Kuruoglu et al., 2019). According
to recent research, S. aureus has
been reported to be the dominant
bacteria in airborne microbes that
have been collected from indoor
places, including hospitals. S. aureus
that has been aerosolized is resilient
to the environment and can survive
in dry weather for months to years.
The majority of research on MRSA
airborne transmission has only been
conducted in hospitals. MRSA is
found in around 50% of isolates
from both hospital and non-hospital
contexts (Singh et al., 2021).
Accurate identification of MRSA is
quite difficult for epidemiological
assessment (nosocomial infections)
and their appropriate treatment,
which creates a significant medical
burden world-wide (Brown &
Ngeno, 2007; Manoharan et al.,
2020). Due to contagious nature of
S. aureus, therapeutic outcomes of
MRSA infection are worse than
methicillin-sensitive strains (MSSA)
but 

but the pathogenicity of both MRSA
and MSSA are found to be similar.
The AMR in MRSA isolates in
clinical strains led to high morbidity
and mortality rate (Brown & Ngeno,
2007; Onwubiko N. E., 2011). The
research on the S._aureus
transmission cycle between
infection, healthcare personnel, and
the environment is important to both
MRSA and MSSA because, except
for the rising AMR in MRSA, all
other physiological and
epidemiological characteristics are
the same (Singh et al., 2021).
In the clinical environment,
antibiotic selective pressure is the
dominating source of MRSA
infection. However, environmental
reservoirs have major implications
for the spread of resistant strains
(Gundogan et al., 2005).
A 5-year National Action Plan
(2017–2021) has also been started
by the Indian government to address
antibiotic resistance. The National
Antimicrobial Resistance Research
and Surveillance Network
(AMRRSN) was established by the
Indian Council of Medical Research
(ICMR) in accordance with the
National Action Plan to gather data
on national AMR. They
concentrated on Gram-positive
MRSA and Gram-negative non-
fermenters (Dhawde et al., 2018). In
addition, a preliminary study found
11.6 percent (34/292) S. aureus load
in a tertiary care hospital in New
Delhi. MRSA was found in 18 of
the 34 S. aureus isolates tested. This
study found a high prevalence of
airborne MDR S. aureus strains in
tertiary
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tertiary care hospital (Tyagi and
Mukhopadhyay, 2012). S. aureus
was also found in all wards of a
tertiary care hospital in Jodhpur,
Western Rajasthan, with
concentrations ranging from 15% to
32% of total samples, and these
isolates also showed an MDR
pattern. S. aureus was isolated from
air samples collected during a trade
fair in Gwalior, India, by Yadav et
al., 2015. Bacterial concentrations
were higher during the fair period
than during the non-fair period.
Systematic implementation of
transmission control, use of second-
line drugs and lowering of patient
turnover are some possible measures
to resolve antibiotics resistance
problems. However, there is limited
information regarding antibiotic
resistance in the airborne strains of
S. aureus from Indian settings.
Therefore, the present study focused
on the assessment of antibiograms
of MRSA isolates from bioaerosols
and clinical samples. This study also
emphasizes on spreading awareness,
surveillance and research on
antibiotic resistance towards
optimizing the use of antibiotic, and
investment in the discovery of novel
drugs.

Bacterial Strains : Ten
staphylococcal strains from
environmental (airborne) and
clinical samples were used. The
control strains for Gram-staining
were S. aureus ATCC 29213,
ATCC 33591, ATCC 25923. The
clinical isolates were gifted from Dr
Benu

Benu Dhawan, AIIMS, New Delhi.
All strains were also biochemically
identified as Staphylococcus aureus.
The environmental sample was
previously collected in our lab from
the air of different environments as
described by Kumari et al, 2020.

Antibiotics and chemicals: Brain
heart infusion (BHI), Mueller Hinton
Broth (MHB-II)-Cation adjusted,
Mueller Hinton Agar (MHA) used as
culture media. 1x PBS and 0.9%
NaCl were used to adjust the desired
cell density. Antibiotic discs were
obtained from HIMedia, which are
following; Rifampicin (5µg),
Tetracycline (10µg), Ampicillin
(10µg),_Gentamicin_(10µg),
Ciprofloxacin (5µg), Trimethoprim
(5µg), cefoxitin (30µg), Linezolid
(30µg),_Clindamycin_(2µg),
Erythromycin__(15µg),
Chloramphenicol__(30µg),
Norfloxacin (10µg), Levofloxacin
(5µg), Azithromycin (15µg). NAC
was obtained from Sigma.

Determining sensitivity profiling
by broth microdilution method:
All isolates were subculture in BHI
broth overnight at 37°C shaking at
180rpm. Overnight cultures were
then centrifuged at 4000 rpm for 10
min and pellets re-suspended in PBS
then growth of bacteria measured to
an OD600 = 0.3±0.02. The
bactericidal effect was determined
by inoculating 107 CFU/mL of all
isolates in the presence of
subsequently two-fold diluted
antibiotic (Oxacillin, Tetracycline
and Rifampicin) from 256 to 0.5
µg/mL

µg/mL in MHB-II cation adjusted
media taken into 96 well microtiter
plates. For testing of NAC (4096
µg/mL to 0.5 µg/mL), standard
strains S. aureus ATCC 29213 and
ATCC 33591 were used. Plates
were incubated for 24-48 hours at
37°C. Bacterial growth was
observed relative to untreated
controls.

Determining sensitivity profiling
of by disc diffusion method: All
methicillin resistant S. aureus
isolates were sub-cultured in BHI
broth, overnight at 37°C with
shaking at 180 rpm. Inoculated
cultures were centrifuged at 4000
rpm for 10 min and pellet was re-
suspended in 0.9% NaCl then cell
density of bacteria was adjusted to
OD600 = 0.1±0.02. Then 108
CFU/mL cells were evenly spread
on the surface of the MHA plate,
using sterile beads. Antibiotic discs
were dispensed onto above BHI
Agar plates seeded with bacteria
using sterile forceps. For testing of
NAC, sterile discs were placed onto
the surface of MHA that had been
seeded with inoculated culture of
standard strains. The discs were
soaked with 10 µL of 2048 µg/mL,
1024 µg/mL & 512 µg/mL
concentration of NAC. Plates were
incubated at 37°C for 18-24 hours.
Inhibitions zones appeared around
each disc, and were measured using
a ruler.

Determining synergistic effect of
NAC with antibiotics by disc
diffusion method: The modulatory

EIACP: Geodiversity and Impact on Environment
Vol.27 (2)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

Material and methods

Pollution



5

effect of NAC in combination with
the Oxacillin, Tetracycline,
Ampicillin, Clindamycin,
Erythromycin, Chloramphenicol
antibiotics were tested against
standard strain and were inoculated
as described above. Every six
antibiotic discs were impregnated
with 10 µL of NAC of different
three concentrations. At 37ºC for
18-24 hours the plates were
incubated overnight and inspected
the zone of inhibition (ZOI) around
the disc of each antibiotic.

Prevalence of methicillin resistant
Staphylococcus aureus (MRSA) in
environmental and clinical
settings: In the present study, all the
ten isolates were Gram-positive,
coccus-shaped bacteria. Firstly, the
antibiotic susceptibility of the five
environmental isolates against
oxacillin was tested using broth
microdilution assay (Table 1). Out
of five isolates, three isolates
(MRSA 22, MRSA 94, and MRSA
152) were found to be sensitive
(MIC 0.5 µg/mL) while the rest two
isolates (MRSA 69 and MRSA 146)
were methicillin-resistant (MIC 128
µg/mL). Further, they were also
tested against two more antibiotics
tetracycline and rifampicin. Both of
these two MRSA were also resistant
to tetracycline (MIC 32µg/mL)
however, all the isolates were
sensitive (MIC 0.5µg/mL) to last
resort antibiotic rifampicin.
Susceptibility breakpoint for each
antibiotic was followed as per CLSI
guidelines, 2018. In this study,
approx

approximately 40% of the
environmental isolates were found to
be methicillin resistant (Table 1). 
Among clinical samples, ~40-50%
staphylococcal isolates were
reported as methicillin resistant
(Siddiqui et al., 2018). In this study,
as determined by disc diffusion
assay and shown in Table 2, all
isolates from clinical sources were
resistant to cefoxitin. As cefoxitin
and methicillin are same group of
compounds, they are considered as
MRSA.

Multi-drug sensitivity profile of
studied MRSA strains: Further
susceptibility profile of
environmental and clinical MRSA
was tested against different classes
of antibiotics by disc diffusion assay
as per CLSI guideline, 2018 and
presented in Table 2. Antibiotic
resistance observed in disc diffusion
were either absence of a zone or a
minimum range of ZOI on media
plate, which means that the
antibiotic is ineffective against
bacteria at that concentration of
antibiotics. We tested two
environmental MRSA isolates along
with five clinical MRSA isolates
against fourteen antibiotics.
Represent

Representative diagram of disc
diffusion assay against standard
strain S. aureus ATCC 25923 and
environmental isolates (MRSA 146)
are presented in Figure 1.
The antibiotics used here belongs to
different classes based on their
mode of action, which are as
follows: cell wall synthesis
inhibitors (cefoxitin and ampicillin),
protein synthesis inhibitors
(tetracycline, gentamicin,
clindamycin, Chloramphenicol,
Erythromycin, Azithromycin and
linezolid), RNA synthesis inhibitor
(rifampicin), and DNA synthesis
inhibitor (ciprofloxacin,
Norfloxacin, levofloxacin and
trimethoprim).
Overall, the seven isolates i.e., 70%
(7 out of 10) showed resistance to
more than two antibiotics.
Therefore; they are termed as multi
drug resistance (MDR) (Table 2).
These isolates showed the highest
resistant to cefoxitin & ampicillin
(100%) followed by erythromycin
and azithromycin (85% each).
While, these isolates showed less
resistance pattern with the other
three drugs- levofloxacin,
chloramphenicol and rifampicin at
29%, 29% and 14% respectively.
However
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Result and Discussion

Isolates ID
Antibiotics

Oxacillin Tetracycline Rifampicin

MRSA 22 0.5 (S) 0.5 (S) 0.5 (S)

MRSA 69 128 (R) 32 (R) 0.5 (S)

MRSA 94 0.5 (S) 0.5 (S) 0.5 (S)

MRSA 146 128 (R) 32 (R) 0.5 (S)

MRSA 152 0.5 (S) 0.5 (S) 0.5 (S)

Table 1: MIC (µg/mL) value of antibiotics against Environmental isolate.
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However, all these isolates have
shown 100% sensitive to linezolid
(Figure 2). The MRSA 537 isolate
showed high resistance for all
antibiotics except linezolid and
chloramphenicol. This isolate is also
resistant to last resort antibiotic
rifampicin, which is a matter of
concern.
Seven commonly used antibiotics
namely; Ampicillin, cefoxitin,
tetracycline, Ciprofloxacin,
trimethoprim, Erythromycin,
Azithromycin antibiotics, have 50%
above resistance profile. Thus, these
antibiotics did not show promising
efficacy against these isolates. In
addition, commonly used antibiotic,
trimethoprim and ciprofloxacin
were inactive against clinical
isolates while active for
environmental isolates (Table 2).
The
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Figure 1. Representative diagram of disc diffusion assay against
standard strain S. aureus ATCC 25923 (A plates) and environmental
isolates MRSA 146 (B plates).

Antibiotic
Clinical isolates Environmental isolates

MRSA 540 MRSA 537 MRSA 535 MRSA 513 MRSA 508 MRSA 69 MRSA 146

Rifampicin (R) 40mm (S) No zone(R) 43mm (S) 44mm (S) 20mm (S) 40mm(S) 40 mm(S)

Tetracycline (T) 38mm (S) No zone(R) 40mm (S) 33mm (S) No zone(R) No zone(R) No zone(R)

Ampicillin (A) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R)

Gentamicin (G) No zone(R) No zone(R) 29mm (S) 18mm (S) No zone(R) 15mm (S) 15 mm(S)

Ciprofloxacin (C) 16mm (I) No zone(R) No zone(R) No zone(R) No zone(R) 36mm (S) 35mm (S)

Linezolid (L) 40mm (S) 48mm (S) 45mm (S) 45mm (S) 38mm (S) 42mm (S) 41mm (S)

Cefoxitin (CX) 11mm (R) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R)

Trimethoprim (TR) No zone(R) No zone(R) No zone(R) No zone(R) No zone(R) 31mm (S) 31mm (S)

Clindamycin (CL) 39mm (S) No zone(R) 35mm (S) 35mm (S) 37mm (S) No zone(R) No zone(R)

Erythromycin (E) 15mm (R) No zone(R) 35mm (S) No zone(R) No zone(R) No zone(R) No zone(R)

Chloramphenicol (CH) 34mm (S) 40mm (S) 32mm (S) 35mm (S) 34mm (S) 12mm (R) 11mm (R)

Norfloxacin (N) 13mm (I) No zone(R) 19mm (S) 11mm (R) No zone(R) 35mm (S) 32mm (S)

Levofloxacin (LE) 16mm (I) No zone(R) 29mm (S) 17mm (I) No zone(R) 35mm (S) 32mm (S)

Azithromycin (AZ) No zone(R) No zone(R) 30mm (S) No zone(R) No zone(R) No zone(R) No zone(R)

Table 2: Zone of Inhibition for clinical and environmental MRSA isolates against different classes of antibiotics
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ANTIBIOTICS
SENSITIVE

(%)
INTERMEDIATE

(%)
RESISTANCE

(%)

Rifampicin 5µg 6 (85%) 0 1(14%)

Tetracycline 10µg 3 (42%) 0 4 (57%)

Ampicillin 10µg 0 0 7 (100%)

Gentamicin 10µg 4 (57%) 0 3 (42%)

Ciprofloxacin 5µg 2 (29%) 1 (14%) 4 (57%)

Linezolid 30µg 7 (100%) 0 0

cefoxitin 30µg 0 0 7 (100%)

Trimethoprim 5µg 2 (29%) 0 5 (71%)

Clindamycin 2µg 4 (57%) 0 3 (42%)

Erythromycin 15µg 1 (14%) 0 6 (85%)

Chloramphenicol 30µg 5 (71%) 0 2 (29%)

Norfloxacin 10 µg 3 (42%) 1 (14%) 3 (42%)

Levofloxacin 5 µg 3 (42%) 2 (29%) 2 (29%)

Azithromycin 15µg 1 (14%) 0 6 (85%)

7

The antibiotic sensitivity profiling
as percentage is presented in Table 3
and the Figure 2 presents its
graphical representation.
Environments such as residential
apartment, market places and other
commonly used places are
moderately exposed by elements of
antibiotic resistance associated with
antibiotic residues in the
environment microbiome. While
clinical environment is exposed by
many sources like the handling,
community exposures and their
frequent use by in patients etc.
When antibiotics are exposed
repeatedly in the environment,
because of their long survivability in
the air and greater distance
coverage, MRSA dispersal by air
has a greater potential to infect a
large number of hosts (Singh et al.,
2021). The frequency of antibiotic
administration and the severity of
nosocomial infection may also vary
by location. Antibiotic-resistant
strains, particularly MRSA and the
infection caused by them, possess a
serious problem in clinical settings. 
 These problems are further
accelerated due to a longer stay in
hospital and prolonged antibiotic
uses (Solomon et al., 2017).
Importantly, the antibiotic resistance
in environmental isolates to multiple
antibiotics indicates the
contamination of environment by
antibiotics. When the natural
ecosystem contains a high
concentration of antibiotics
(antibiotic load), more microbiome
get chance to develop MDR.
Therefore, we have analysed how
the

EIACP: Geodiversity and Impact on Environment
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Figure 2. Antibiogram of the environmental and clinical MRSA strains
against different classes of antibiotics

Table 3: Antibiotic sensitivity pattern of MRSA by disc diffusion assay

Figure 3. Antibiotics load on studied MRSA 
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the studied environmental and
clinical strains behave when
exposed to different kind of
antibiotics (Figure. 3). Our study
shows that different strains behave
differently. The important
observation in the current study is,
that the MDR pattern among clinical
isolates were more prominent as
compared to environmental isolates
(Figure. 3). In this study we found
that, overall clinical strains (MRSA
540, 537, 513 and 508) are resistant
to more antibiotics whereas
environmental samples (MRSA 69
and 146) are resistant to less
antibiotics. As clinical strains are
isolated from clinical environment,
they may get their high resistance
pattern because of exposure to
highly antibiotic polluted
environment i.e., hospital settings
where antibiotic load is more than
general environment (Figure 3).
This study may be interpreted that
more exposure or more residue
volume of antibiotics present in
environment that enable functional
and structural change in microbiota
and facilitate evolutionary pathways
of ARGs transmission in the
environment by horizontal gene
transfer (Bombaywala et al., 2021).
Thus, contamination must be taken
into consideration for all
environmental set up, where, the
carrier may transmit infection in the
general public. Clinics, veterinary
facilities, and other public domains
could all be part of such an
environment. Because of the high
prevalence of these bacteria in most
human infections, particularly
nosocomial

nosocomial infections,
staphylococcal infections should be
taken seriously. Thus, hospital
settings must get major attention
(Cimolai, 2008).
Major research has been done on
aquatic antibiotic load, especially,
sewage water and hospital
discharges, play a significant role in
the spread of antibiotic resistance in
natural environments. Hospital
discharges always contain residual
antibiotics and disinfectants,
allowing microbes to adapt to the
evolution of resistant counterparts.
Previously reported, presence of
multidrug-resistant S. aureus was
common in sewage water containing
hospital wastes. (Yadav et al., 2020).
However, the potential for antibiotic
resistance-carrying bacteria (ARBs)
dispersal via air has recently
received a lot of attention. Further,
airborne transmission of ARBs from
hospitals is understudied, which
influences research on overall ARB
loading in air (Kraemer et al., 2019).

Activity of NAC against S. aureus
by microdilution method: Non-
antibiotic compounds are less
susceptible to bacterial resistance
evolution so the alternative of
antibiotics is incorporated to
investigate susceptibility among
MDR microbes. Several studies have
been conducted on understanding
the effect of NAC. These findings
have insinuation for the combined
therapeutic use of NAC and
aerosolized antibiotics. NAC is
considered as a bacteriostatic non-
antibiotic drug. It is a FDA (Food
and

and Drug Administration, USA)
approved drug. The recommended
dose by Food and Drug
Administration for NAC is 200
mg/mL (Salamon et al, 2019).
It breaks down the disulphide bonds
between glycol-polypeptides in
mucus protein complexes thus
preventing the development of
biofilms. Hence, research on the
activity of NAC has become the
focus of attention in this study
(Drago et al., 2013; Giraldo C. P. et
al., 1997).
The use of NAC has been shown in
many studies as an alternative
medication strategy to control
bacterial growth (Kuruoglu et al.,
2019). Therefore, in this study, we
further also tried to know its
efficacy against pathogenic
airborne. Here, we firstly used NAC
alone and then, administered it
along with antibiotics for testing
modulatory effect of NAC on
standard MSSA ATCC 29213 and
MRSA ATCC 33591 strain, where
its MIC value was found to be very
high 4096 µg/mL in both the strains.
This suggests that NAC is active at
very high concentration (25 mM)
which is similar to the study done
by Manoharan et al. (Manoharan et
al., 2020). 

The present study highlights the
prevalence of antibiotic resistant   
 S. aureus in the environmental and
clinical settings, which showed
multi-drug resistance patterns. This
multidrug resistance in
environmental (airborne) MRSA
strains

EIACP: Geodiversity and Impact on Environment
Vol.27 (2)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

Conclusion

Pollution



9

strains may be attributed to the
increasing antibiotic pollution in the
environmental settings most likely
due to the over and misuse of
antibiotics. Furthermore, this
antibiotic sensitivity profiling data
might be used as an index for the
selection of an appropriate
antimicrobial agent.
MRSA is an endemic pathogen in
many neonatal intensive care units,
causing invasive disease and even
death. MRSA can be acquired by
neonates from silent reservoirs, such
as their parents. Medical device-
related infections are extremely rare,
but they can cause potentially severe
infections and add to patients'
financial burden. Furthermore, S.
aureus can survive at the
implantation site by forming a
biofilm that is completely resistant
to antibiotics. As a result, the
presence of antibiotic-resistant      
 S. aureus in the air is a major public
health concern (Singh et al., 2021). 
Thus, it can be concluded that the
presence of such bacteria in the
environments can be harmful for the
occupants especially those who are
immune compromised. So, the
present finding attracts attention and
necessitates effective measures to
control the spread of infection such
as regular cleaning and proper
disinfection, restriction on the
movement of patient relatives' in the
hospitals to safeguard both patients
and healthcare workers, and
instilling hygienic lifestyles to
eradicate such bacteria.

We thank Dr. Benu Dhawan
(AIIMS, New Delhi) for gifting the
clinical isolates. Prof. Kasturi
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ave you ever experienced
clean air, especially in
Delhi NCR? All over the
world, the quality of air
bega

H
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Introduction

lockdown and unlock in Delhi NCR.
The periods of lockdown and unlock
have disclosed the beauty of nature
to heal itself and improve the
quality of air. Such phenomena of
clean air and dirty air occurred
many times from 2020 to 2022.
There are certain correlations
between pollutants and
meteorological parameters which
determine the amount of pollution in
the air, specifically air pollution is
more dependent on its source either
natural or man anthropogenic. Such
as volcanoes, forest fires, smoke
from factories, vehicle exhaust, or
waste burning. These all activities
release harmful gases into the air.
This study includes a total of eight
areas falling in the category of
residential, traffic, and industrial
area. 
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Assessment of NOx, SO   , O   , PM      and
Meteorological Factors (Relative Humidity and

Temperature) during the Lockdown and Unlock
Period in Delhi NCR

2 3 2.5

1

1

2

In this study, it was found that all the
stations were correlated in terms of
air pollution, if the pollution in
Murthal increases, there is a
certainty that Narela may experience
more severe air pollution levels,
even if a station like Mandir Marg
located near a large tree cover such
as Central Reserve Forest and PUSA
Hills may experience high air
pollution levels.

Specifications of the Study Area

This study has been conducted on
eight important stations. Two are
located in Haryana within 20 km
proximity

Abstract
The study has been conducted on
eight important air pollution
monitoring stations located in Delhi
NCR for the complete duration of
‘Lockdown and Unlock’ (March 25,
2020, to March 31, 2022). These
eight stations comprise residential,
traffic and industrial areas, eight
stations are Murthal, Haryana -
HSPCB, Arya Nagar, Bahadurgarh,
Haryana - HSPCB, Narela, Delhi-
DPCC, Bawana, Delhi - DPCC,
Rohini, Delhi - DPCC, Mandir Marg,
Delhi - DPCC, ITO, Delhi - CPCB,
and Okhla Phase - 2, Delhi - DPCC.
Statistically analyzing the data, it was
found that the most variations in the
concentration of a pollutant were
observed in the concentration of
PM2.5 followed by NOx. Their
Concentration attains the highest
value during November for the both
years 2020 and 2021, whereas the
concentration of NOx was less in
November 2021 as compared to that
of November 2020. The correlation
between SO2 and O3 resulted in an
increased concentration of both
pollutants during lockdown but
eventually decreased during unlock. 

SO2 O3

PM2.5 began to improve and became
breathable when the shutdown of all
human activities happened. This
article highlights the impacts of
‘Nitrogen Oxides (NOx), Sulphur
Dioxide (SO2), Ozone (O3),
Particulate matter of size ≤ 2.5
microns (PM2.5,) Relative
Humidity (RH), and Temperature
(Temp)’ on air quality during the
lockdow

SO2 O3

PM2.5

Keywords: Air pollution, Lockdown, Unlock, Concentration, NOx, SO2, O3, Relative Humidity, TemperatureSO2 O3

Pollution

mailto:cthali16@gmail.com


13

proximity to Delhi’s periphery and
rest six stations are located in North
Delhi, Central Delhi and South
Delhi. The location of two stations
near Delhi makes them important
for the analysis of air quality,
especially during the post-monsoon
season when wind flows from west
towards east, also the rapid burning
of big biomass present in fields
releases a huge amount of smoke in
a very small period of time [12].
The wind flowing westwards passes
through Murthal and Bahadurgarh in
Haryana before reaching Delhi,
these geographical and
meteorological conditions make
these two stations important to
determine the quality of air flowing
towards Delhi. Further two
industrial regions are present in
Delhi

Delhi, Narela located in North Delhi,
and Bawana located in North West
Delhi and residential area. Two
stations are located in Central Delhi,
one is Mandir Marg, which is
located on the east side of Central
Reserve Forest and Pusa Hills. This
geographical location makes it an
important station due to the presence
of a large tree cover area near it [14].
This would help in analyzing the
effect of the presence of trees on the
quality of air. Another station is
ITO, a traffic area, this station is
considered due to its heavy traffic
qualities which would help in
analyzing the effect of traffic and
transportation on the quality of air.
The eighth station is Okhla Phase-2,
an industrial area, it is located near
South East periphery of Delhi. This
is

is an important station to analyze the
transfer of pollutants from North,
West to South, and East and the
quantity of pollution added inside
Delhi by traffic, industries, and
human activities also the air
pollution emitted by industries at
Okhla Phase-2 itself. The
geographical description of latitude
and longitude is provided (Table 1).
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Figure 1: Map of the Study Area

Methodology

Result and Discussion

After statistically analyzing the data,
few results have been drawn. The
total duration of lockdown and
unlock was for a period of 2 years
and 7 days from March 25, 2020, to
March 31, 2022 (Officially),
although a 14-hour voluntary public
curfew was imposed on March 22,
2020, which continued till March
24, 2020 evening. The concentration
of NOx was highest during the
Unlock Phase 6.0 (November 1,
2020   to   November 30, 2020). 

Statistical analysis of NOx, SO2,
O3, PM2.5, relative humidity and
temperature for the complete
duration of lockdown and unlock
(March 25, 2020, to March 31,
2022) at the respective stations
mentioned in Table 1. The
secondary data was collected from
HSPCB, DPCC, CPCB, and Power
Data Access (NASA). The data was
analyzed on basis of variation in the
concentration of pollutants during
phases of lockdown and unlock and
correlation among all the
parameters. The was studied on a
mean basis arranged in phase wise
basis of lockdown and unlock.

SO2
O3 PM2.5

Pollution
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Here concentration represents the
amount of a pollutant present in a
unit volume in the atmosphere. The
most polluted station in terms of
NOx was Okhla Phase-2 (Industrial
area), the concentration of NOx at
this station ranges in the poor
category of the Air Quality Index.
The reason behind a such high
concentration of NOx at Okhla
Phase-2 was that NOx pollutant is
mostly emitted by the burning of
fuel [3]. Industrial and
transportation activities have
increased the concentration of NOx
in the atmosphere as the restrictions
on industries and transportation was
lifted from unlock phase 1.0 in a
phased manner. The lowest
concentration of NOx was found
during August and September at all
the stations respectively, at some
point, it was found graphically that
as the percentage of relative
humidity increased, the
concentration of NOx began to
decrease especially during the rainy
season although there is no specific
relationship between RH and NOx.
‘Delhi NCR experienced heavy
rainfall in September 2021 at a
record 

record of 1100mm which was the
highest monsoon rainfall in Delhi in
the last 46 years and 10 rainy days in
August 2021 [5]. That was also the
reason for the less amount of NOx at
all the stations in Delhi NCR during
November 2021 as compared to that
of November 2020 even when
restrictions on human activities were
more in November 2020. Although
the concentration of NOx in the
atmosphere is more dependent on its
sources but during rainfall, its
amount decreases significantly. The
concentration of SO2 in the air at all
the stations decreased during
unlocking in contrast to the uplifting
of restrictions in the Delhi region
due to economic slowdown. During
the lockdown, the concentration of
ozone increased at all the stations,
‘as there was a decrease in the
amount of Hydrochloric (HCl) gas
present in the region due to the
shutdown of industries. HCl gas
breaks down ozone into single
oxygen and di-oxygen -

levels of O3 increased, therefore by
correlation the concentration of SO2
was also increased during the
lockdown. Whereas during unlock
concentration of SO2 in the
atmosphere decreased and also the
concentration of O3 and vice versa.
Another correlation was between
SO2 and RH, these two pose
significant negative correlation
values as in the year 2021 during
unlock, Delhi experienced heavy
rainfall which resulted in a decrease
in the concentration of SO2 at all
stations. The ozone pollutant has a
significant correlation with the RH
as the percentage of RH increases at
all stations the amount of ozone
began to decrease the following
adsorption of O3 molecule with
moisture and breakdown of O3
molecule in O2 or OH radical [15]. 
 There was a significant relationship
between NOx and PM2.5 at all the
stations, as the concentration of
NOx increases, there is a certainty
that the concentration of PM2.5 also
increases in the atmosphere.
Although PM2.5 has shown a strong
significant negative correlation with
the temperature since other  
 rological
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Table 1: Description of all Study Stations

   Area
   Type

 AQI Station  State  Pollution Control Board  Latitude  Longitude

   Traffic  ITO  Delhi  Central Pollution Control Board (CPCB)  28° 37' 43.04'' N  77° 14' 27.81'' E

   Residential
 Rohini  Delhi  Delhi Pollution Control Committee (DPCC)  28° 43' 57.10''N  77° 7' 11.71'' E

 Mandir Marg  Delhi  Delhi Pollution Control Committee (DPCC)  28° 38' 11.14''N  77° 12' 3.84'' E

   Industrial

 Murthal  Haryana  Haryana State Pollution Control Board (HSPCB)  29° 1' 37.92'' N  77° 3' 43.56'' E

 Bahadurgarh  Haryana  Haryana State Pollution Control Board (HSPCB)  28° 40' 48.00'' N  76° 55' 11.99'' E

 Narela  Delhi  Delhi Pollution Control Committee (DPCC)  28° 49' 33.78'' N  77° 6' 48.99'' E

 Bawana  Delhi  Delhi Pollution Control Committee (DPCC)  28° 46' 34.32''N  77° 3' 3.86'' E

 Okhla Phase-2  Delhi  Delhi Pollution Control Committee (DPCC)  28° 31' 50.82'' N  77° 16' 16.51'' E

Source - Central Pollution Control Board  [7]

 O   + HCl                  O + O   + HCl. 3 2

Thus there was a surge in ozone
concentration in Delhi [4]. Since
levels

O3
SO2

SO2

O3

SO2

SO2

O3
O3

O2

PM2.5

PM2.5

PM2.5
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‘meteorological factors such as wind
speed, wind direction, moisture
content, rainfall, and mixing height
of the gases affect the dispersion or
settlement of PM2.5 by rainfall. At
the same time, the rising
temperature will increase the
chemical activity of gaseous
compounds in the atmosphere to
benefit the secondary ions
generation. As the result, PM2.5
concentration is increased.
Therefore PM2.5 concentration is
increased. Thus PM2.5 is subject to
various factors before considering
its correlation with temperature. The
concentration of PM2.5 was highest
during unlock phase 18.0
(November 1, 2021 – November 31,
2021) at all stations. Its
concentration began to increase in
October and reaches its highest in
November but remained high
throughout the winter season. At the
onset of summer from April, the
concentration of PM2.5 began to
decrease due to dispersion occurring
by

by wind speed, wind direction, and
temperature. The most uncertainty in
the concentration of a pollutant was
observed in the concentration of
PM2.5 from 30µg/m to 222µg/m3
followed by variation in the
concentration of NOx. The
concentration of NOx increased
during unlock periods. The
concentration of SO2 saw a slight
decline during unlocking as
compared to that during the
lockdown. The concentration of O3
was highest during lockdown but
eventually decreased during unlock
period. There was a drastic boom in
the concentration of PM2.5 during
unlocking periods, especially during
November 2021, as compared to the
lockdown period.

During Lockdown: The traffic area
had the highest amount of NOx
throughout the lockdown as
compared to other areas, as a source
of NOx is mostly transportation.
Rohini experienced the highest
amount of PM2.5 pollutants during
the

the lockdown, on the other hand, in
areas of the same category,
residential, Mandir Marg
experienced a low concentration of
PM2.5, and Bawana had the highest
concentration of O3.

During Unlock: The amount of
PM2.5 & NOx drastically increased
during the unlocking period due to
the upliftment of restrictions on
transportation and industries. The
most severe stations in terms of air
quality were Bawana, Okhla Phase-
2 (industrial area), ITO (traffic
area), and Rohini (residential area).
This indicates that whether an area
is residential, traffic or industrial,
the quality of air degrades as the
dispersion of pollutants occurs.
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Figure 2: Mean value of Pollutants during Lockdown and Unlock

Conclusion

Pollutants like O3 and PM2.5 travel
so far from their source by air that it
is not possible to exactly find out
the original source. All the areas
whether traffic, residential or
industrial are interlinked in terms of
the quality of air. During November
or post-monsoon season, the air
pollution experienced in Murthal &
Bahadurgarh in Haryana was further
carried to Delhi by winds and its
direction. Due to this even an area
which is located near large tree
covers such as Mandir Marg near
Central Reserve Forest and Pusa
Hills, experiences degraded quality
of air. So, the continuous generation
of NOx, SO2, PM2.5, and O3 with
distances in Delhi, further adds up
to the onsite generation of these
pollutants in Delhi & NCR. The
geographical location and industrial
point

SO2
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point of view location of Murthal
and Bahadurgarh make these two
stations important when considering
the quality of air in the Delhi region
and NCR. When determining the
correlation among all the stations in
terms of air pollution it was found
that all stations have a strong
correlation with each other. As the
concentration of O3 raised in
lockdown due to the unavailability
of HCl gas in the atmosphere to
breakdown the O3 molecule, this
does not mean that HCl gas should
be released into the atmosphere to
breakdown the O3 molecule, as the
HCl gas is more harmful pollutant
whereas O3  also breaks down by
H2O molecules which are safer
when considered. 

EIACP: Geodiversity and Impact on Environment
Vol.27 (2)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

References 

Ravent
M.Sc in Environmental Science
from IGNOU and MoEF&CC 

Intern at SES, JNU.

O3

O3

O3

O3

2

environmental science website,
AAHRUS University, Last accessed
on May 20, 2015,
<https://www2.dmu.dk/atmospheric
environment/expost/database/docs/
ppm_conversion.pdf> 

[1]    Conversion  ppb,   Department  of 

Circular for COVID-19, Last
accessed on 28 August 2021
<https://www.mha.gov.in/notificati
ons/circulars-covid-19> &
Wikipedia, Covid-19 lockdown in
India, last accessed on 2 December
2022,
<https://en.wikipedia.org/wiki/COV
ID-19_lockdown_in_India>

[2] Ministry  of   Home   Affairs,  2021

[3] EPA-456/F-99-006R prepared by U.S
Environmental Protection Agency:
Nitrogen Oxides (NOx) and how
they are formed, November 1999,
<https://www3.epa.gov/ttncatc1/dir1
/fnoxdoc.pdf>

High Levels of Ozon in Delhi
during COVID-19 Lockdown, a
report by JNU ENVIS, Ministry of
Environment, Forest & Climate
Change: vol. 24(4), 2020.
<http://www.jnuenvis.nic.in/newslet
ters/NCRP.pdf> 

[4] Umesh  C. Kulshrestha,  Reasons for

Rainfall data, last accessed on 1
September 2022,
<https://mausam.imd.gov.in/imd_late
st/contents/index_rainfall_state_new.
php> & The Print, Delhi records the
highest rainfall in 46 years, Last
accessed on 11 September 2021
<https://theprint.in/india/delhi-
records-1100-mm-of-rainfall-in-
2021-, highest-in-46-years/731858/>

[5] India Meteorology Department (IMD),

has been used for making a map of
the study area.

[6] ESRI  ArcGIS  software  ver. 10.2.2

Latitude, Longitude, daily mean
data on the concentration of
Nitrogen Oxides, Sulphur Dioxide,
Ozone, PM2.5, percentage of
Relative Humidity, and mean value
of daily Temperature were collected
from the CPCB website: last
accessed on 15 November 2022,
<https://airquality.cpcb.gov.in/ccr/#/
caaqm-dashboard-all/caaqm-
landing>

[7] Central   Pollution   Control   Board

Temperature at 2 meters data was
collected from the website, Last
accessed on 10 April 2022
<https://power.larc.nasa.gov/data-
access-viewer/>

[8]    Power   Data    Access,   Surface

been used to arrange data and plot
graphs.

[9]  Microsoft  Excel  version  2021  has

PubMed Central, Impact of Crop
Residue on Haryana and Delhi,
Heliyon. 2021 May; 7(5): e06973.
Last accessed on 7 May 2021,
<https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8120930/>

[10]  National   Library   of   Medicine, 

Influencing Sulfur Dioxide
Emissions in Shandong, China,
Atmosphere, last accessed on 16
January 2022 (mdpi.com):
<https://www.mdpi.com/2073-
4433/13/1/142> 

[11] MDPI,  Assessment  of  the  Factors 

Forests, Information about Central
Reserve Forest in Delhi, Last
accessed on 12 July 2022,  
<https://dda.gov.in/horticulture/forests#:~:text
=Reserve%20Forest%20Reserve%20Forest%3
A%20%E2%80%98Ridge%E2%80%99%20whi
ch%20is%20the,no.%20F.10%20%2842%29-
1%2FPA%2FDCF%2F93%2F2012-
17%20%28I%29%20dated%2024th%20May%
2C%201994>

[12]  Delhi    Development    Authority,

environmental regulations, last
accessed on 28 September 2007,
<https://www.sciencedirect.com/top
ics/economics-econometrics-and-
finance/ozone-pollution> 

[13]  Science  Direct,  U.S.  and  global

Pollution

*****

https://www2.dmu.dk/atmosphericenvironment/expost/database/docs/ppm_conversion.pdf
https://www.mha.gov.in/notifications/circulars-covid-19
https://en.wikipedia.org/wiki/COVID-19_lockdown_in_India
https://www3.epa.gov/ttncatc1/dir1/fnoxdoc.pdf
https://theprint.in/india/delhi-records-1100-mm-of-rainfall-in-2021-,%20highest-in-46-years/731858/
https://airquality.cpcb.gov.in/ccr/#/caaqm-dashboard-all/caaqm-landing
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8120930/
https://www.mdpi.com/2073-4433/13/1/142
https://dda.gov.in/horticulture/forests#:~:text=Reserve%20Forest%20Reserve%20Forest%3A%20%E2%80%98Ridge%E2%80%99%20which%20is%20the,no.%20F.10%20%2842%29-1%2FPA%2FDCF%2F93%2F2012-17%20%28I%29%20dated%2024th%20May%2C%201994
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/ozone-pollution


17

isorders produced by
organisms, such as bacteria,
viruses, fungus, or
parasites, are known as
infectioousinfectious diseases. Our bodies are

home to a variety of creatures. In
most

D

Abstract
Potentially, climate change could
have an impact on the biological
systems of the planet. Mutations in
viruses that avoid our body's defences
against disease could be brought on
by global warming. The threat of
infectious diseases like the corona
virus may increase due to long-term
changes in climate and wildlife
habitat. These alterations might be the
result of rising global temperatures. A
changing climate may result in the
appearance of new infectious diseases
as pathogens alter and evolve to cope
with global warming in many
regions. This article examines
widespread infectious diseases
around the world and how they relate
to climate change.
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Introduction

the four main mosquito-borne
infectious diseases that have been
documented to be impacted by
global warming. In the coming
decades, the risk of disease
introduction will grow due to
climate change, increased
urbanisation, and shifting land-use
patterns. As an illustration, climate
change may alter the distribution of
world pathogens, enabling
infections - particularly those
conveyed by vectors - to move to
new locations [2].
The phenomenon of global climate
change is now thought to be closely
related to human activity. For
420,000 years, atmospheric carbon
dioxide levels were stable between
180 and 220 parts per million;
today, they are almost 370 ppm and
rising [19].

Department of Chemistry, Vivekananda College, Thakurpukur, Kolkata, India - 700 063 
sgayensrci@gmail.com

 

Sirsendu Gayen

The Link between Combating Infectious
Diseases and Climate Change

most cases, they are beneficial or
even safe. But certain microbes have
the potential to cause disease in
specific situations. Typically,
infectious diseases are passed from
one person to another, through
tainted food or drink, and through
insect bites. Infectious diseases can
range in severity from very mild to
very serious. Viral, bacterial,
parasitic, or fungal infections can all
cause infectious illnesses.
Additionally, there is a subset of
infectious disorders called
transmissible spongiform
encephalopathy that is uncommon
(TSEs) [4].

Climate change would have a direct
impact on disease transmission by
changing the geographic range of the
vector, raising reproduction and
biting rates, and decreasing the
incubation period for the virus.
Without immediate climate action,
infectious diseases would worsen,
the Intergovernmental Panel on
Climate Change (IPCC) said in its
March 2022 report [13;3]. Malaria,
dengue fever, Japanese encephalitis
(JE), and tick-borne encephalitis are
the 

Some Life-Threatening Infectious
Diseases and their Cause:

While many infectious diseases
clear up without any problems,
some can have long-term effects.
The following are serious and
potentially fatal consequences of
several infectious diseases [1;18]:
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Infectious Diseases Cause(s)

Pneumonia Respiratory illness (viral or bacterial)

Meningitis (swelling of the brain)
Multiple causes, including bacterial, viral,
fungal and parasitic infections

AIDS HIV

Liver cancer Hepatitis B, hepatitis C

Cervical cancer Human papillomavirus (HPV)

Ebola virus disease (EVD) Ebolavirus

COVID-19 SARS-CoV-2 virus

18

Climate change is the long-term
alteration of temperature and
weather patterns. It could change the
health risks to people, aggravating
current health issues. There are
many reasons which show that the
battle against infectious diseases and
pandemics is also about the fight
against climate change [11;5].

(a) Climate variability and climate
change: Infectious illness
transmission patterns are being
impacted by climate variability and
climate change in several ways. For
instance, diseases that are typically
found in tropical and subtropical
climates are spreading to new parts
of the globe. In 2006, Nepal, which
had previously been immune to
dengue disease, saw its first
outbreak. The prevalence of dengue
has considerably increased since
that time [9]. Only nine nations
experienced major dengue fever
outbreaks before to 1970. According
to the World Health Organization, it 

is now endemic in more than 100
nations. By 2050, the World Bank
predicts that 140 million people
would be internally displaced as a
result of climate change in only
three regions. People who migrate
bring diseases with them that
originate as a result of changes in
infectious disease vectors, in
addition to exerting a significant
burden on the ecosystems and social
infrastructures of the regions they
relocate to.
Additionally, both disease outbreaks
and climate change are associated
with

with a decrease of wildlife habitat.
According to estimates, zoonotic
illnesses - which spread from
animals to people - acquire 75% of 
 all new infectious diseases. Due to
human encroachment on animal
habitats, experts speculate that these
diseases may be linked to increased
human-animal contact. Habitat loss
is a result of deforestation and large-
scale forest fires, which also affect
climate change. Deforestation is
connected to 31% of disease
outbreaks, including those caused
by the Ebola, Zika, and Nipah
viruses, according to EcoHealth
Alliance [17]. Everywhere, the risk
of infectious diseases is rising due to
changing weather patterns.

(b) Air pollution and viral
infection: Black carbon, sulphates,
and nitrates are examples of fine
particulate pollution that enter the
bloodstream and lungs deeply and
have substantial health effects.
These--
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Table 1: Serious and Potentially Fatal Infectious Diseases

Climate condition, Human
activity and Spread of infectious
diseases:

Figure 1: Four main types of transmission cycle for infectious diseases
(Source:WHO - https://www.who.int/globalchange/summary/en/index5.html)
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These pollutants are also known to
suppress the immune system.
According to preliminary study, air
pollution raises the possibility of
COVID-19 spreading quickly and
fatally [10]. Particles of air pollution
may serve as carriers for the spread
of viruses, according to scientists.
Just a 1 microgram per cubic metre
increase in fine particulate pollution
caused a 15% increase in COVID-
19 fatalities [14]. Fighting viral and
climatic threats should benefit
greatly from improving air quality
and cutting emissions, especially in
urban areas.

(c) Melting permafrost and its
serious consequences: Any ground
that has been fully frozen for at least
two years straight at -32°F (0°C) or
below is considered permafrost.
These continuously frozen areas are
especially prevalent in mountainous
areas and at higher latitudes on
Earth, particularly close to the North
and South Poles. Permafrost is a
mixture of soil, stones, and sand that
is held together by ice. In
permafrost, the soil and ice remain
frozen throughout the year.
Because it is cold, oxygen-free, and
dark, permafrost is an excellent
preserver of bacteria and viruses.
According to scientific
investigations, several pathogens,
including bacteria, viruses, and
fungus, may endure being frozen for
hundreds of thousands or even
millions of years. For instance,
researchers have found bits of
ribonucleic acid (RNA) from the
1918 Spanish flu virus in the
remains---

remains of people interred in tundra
mass graves in Alaska [9]. In Tibet,
50 metres below the surface, a
different team of researchers took
samples of the planet's oldest glacial  
ice and discovered 28 ancient
viruses that were previously
unknown to science [6]. For
thousands of years, this continuously
frozen earth has served as a carbon
sink in northern regions like Canada,
Alaska, Siberia, and others. This
permanently frozen layer will melt
as temperatures increase, releasing
giga-tonnes of gases like carbon and
methane as well as ancient viruses
and germs. This will have a
significant impact on both the local
communities and the entire world
[12]. There are worries that germs
could be discharged as ice melts as a
result of climate change, for which
our

our immune systems wouldn't be
ready. In a remote area of Siberia,
where a heat wave had thawed
permafrost soil and exposed the
body of a reindeer that had perished
from the disease 75 years before, a
12-year-old child died and 20
individuals with anthrax in 2016
[15;16].

(d) Global warming and viral
mutations: A changing climate may
result in the appearance of new
infectious diseases as pathogens
alter and evolve to cope with global
warming in many regions. Fever,
the ability of mammals to maintain
high temperatures to fight
infections, is one of our most
essential natural defences and may
be threatened by climate change by
the creation of new heat-tolerant
diseases
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Figure 2: The evolution of permafrost during the 21st century.
(Source: National Snow and Ice Data Center)
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diseases, according to a study by
Johns Hopkins University [9].
Global warming may result in viral
changes that can withstand the
immune system defences of our
bodies.

Fighting global health threats and
illnesses, especially pandemic-risk
outbreaks, is basically about battling
climate change. To locate outbreaks
and epidemics and to launch a
public health response, more cross-
country collaboration will be
required. Infectious illnesses and
greenhouse gas emissions have no
geographical boundaries. To address
both, international cooperation is
required. Combating climate
change, which is a major factor in
the spread of illness, might
concurrently lessen the dangers
posed by biodiversity loss and
pandemics. While addressing the
effects of climate change and the
environment on human health,
nations can give priority to
expenditures that help them achieve
their overall climate objectives.
Fighting global health threats and
illnesses, especially pandemic-risk
outbreaks, is basically about battling
climate change. Priorities should be
given to the wellbeing of humans,
animals, the economy, and the
environment as a whole.
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he fisheries and aquaculture
sector play a significant
role in the Indian economy
with a contribution of 1.07
%% to GDP (NFDB, 2020). India has

contributed 14,141 thousand tonnes
to world fisheries (2020-2021) and
surpassed China as the top Inland
fish producer (1.8 million tonnes,
2020). The Blue Revolution in India
has significantly supported this
sector, as a result, India has
emerged as the second largest
aquaculture producing nation in the
world (86413 thousand tonnes,
including seaweeds). Even so, India
has fallen to the sixth position, when
it comes to marine capture fisheries
(3.71 million tonnes, SOFIA, 2022).
India’s per capita fish consumption
is estimated as 5 to 6 kg per annum
for the entire population, 8 to 9 kg
per annum for fish eating
population, while the Indian Council
of Medical Research (ICMR)
recommended 12 kg per annum.
However, global per capita fish
consumption has risen to above 20
kg per annum due to increasing
demand for fish as a healthy protein
source. But the increasing demand
resu

T
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classified as closed and open
systems, open aquaculture systems
are often involving a large cage
installed in an aquatic ecosystem
where fish are reared, fed, then
caught for usage. Closed
aquaculture systems are land-based
and utilize filtration and
recirculation systems.
Aquaculture is strongly related to
environmental conditions prevailing
in the aquatic ecosystem. The
overall production can be affected
by changes in the environment, at
the same time aquaculture activities
can influence the overall health of
aquatic ecosystems (Fig. 1). In both
cases, it can be either positive or
negative. Hence, one can say that
the fate of aquaculture and the
environment is intertwined,
variation in one creates impact on
the other. The environmental
degradation has a direct impact on
both capture and culture fishery.
Destruction of mangroves,
deforestation of land flooded forest,
landfilling of swamps has reduced
capture fisheries by destroying
spawning and nursing grounds.
Siltation in natural water bodies
contr
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Note on Impact of Aquaculture on
Environment and Vice Versa

resulted in the extreme impacts on
natural wild stocks due to
overfishing and exploitation. Studies
suggest that, wild population of fish
will be down 90% by the year 2050,
if overfishing is continued at the
current rate. Apart from limiting the
fish supply, overfishing leads to
reduced fish genetic diversity,
extinction of species and imbalance
in the ecosystems. Studies imply that
more than 70% of the world’s fish
species are either endangered or
extinct. As a viable solution for
overfishing or increased fishing
efforts/pressure on the wild stock
and to meet the increasing demand
for fish, aquaculture is considered as
the way forward and is promoted in
most countries (FAO, 2020). A shift
from capture to culture-based
fisheries (aquaculture) has also
paved the way for a sustained blue
economy. According to recent
reports, 50% of the fish consumed
globally are from aquaculture
production, and it is rising day by
day. The cultivation and production
of desired fish species can also be
achieved through aquaculture.
Aquaculture systems can be broadly  
--
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contributes to unstable water
regimes which adversely affect rural
aquaculture. Construction of
reservoirs and dams have highly
helped farmers to operate cages and
farms in this area. Species cultured
are restricted by the availability of
the resources or location, the water
salinity and temperature often limit
scope of farming of certain species.
The increase in water temperature
increases the metabolic rate of the
aquatic organisms and long-term
exposure to optimal temperature
level leads to many biological
changes in fish species such as
growth rate, age at maturity and
fecundity. Rainfall, flood,
evaporation rate, drought and water
table may also influence the farming
systems on negative or positive
scales.
The rapid growth in this sector to
meet the nutritional demand of the
growing human population has led
to release of pollutants to
waterbodies in solid and dissolved 
 solid

forms (Legaspi et al., 2015). The
solid waste is derived from uneated
feed and faeces while dissolved
wates originating from the metabolic
output of the fish (Fig.2).
Unregulated and untreated release of
these pollutants into the water body
result in the degradation of the water
quality, reduced immunity in fishes,
disease outbreak, parasite infections,
algal blooms, and hypoxic
conditions in aquatic ecosystem (De
Silva, 2012). The introduction of
exotic species and genetically
modified organisms (GMO’s) for
aquaculture has emerged as major
concern because of their impact on
native species diversity and
ecosystem health.
Continuous supply of good quality
water is of paramount importance in
any kind of aquaculture system. In
open water aquaculture systems like
cages, the excess and uneaten fish
feed brings external nitrogen and 
 waste

phosphorus to the water body. The
waste produced from feed depends
on its nutrient composition, method
of production and feeding methods
(FAO,2022). However, pollutants
are not limited to nutrients from
feed and fish faeces, it also involves
antibiotics/chemicals from
medicated feed, pesticides involved
in pathogen treatment and
hormones. The surplus of these in
combination or alone makes the
open waters unfit/unsafe for human
drinking, recreational use, and for
other wildlife. Pollutants from cages
and other unscientific aquaculture
systems impart stress to the benthic
organisms; sometimes these
pollutants alter the benthic
substratum and thereby the species
diversity (Mestres, et al., 2016).
Untreated release of the nutrient rich
water leads to eutrophication as the
water are rich in resulting in
explosion in algal populations that 
 the
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Figure1: Aquaculture and
environmental interaction

Figure 2:  Schematic representation of fish farming and its environmental impact
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can change the colour of the water if
the cells are in high enough
concentrations and sometimes kills
the fishes by clogging of their gills
or by depriving them of oxygen.
The death of the algal bloom and its
decomposition use up the dissolved
oxygen in water creating a hypoxic
(<2mg/L) or anoxic condition
(Oliveira and Machado, 2013).
Many species of algae in particular
dinoflagellates cause red tides in
aquatic ecosystems, abundance of
bioluminescent Noctiluca scintillans
causes the phenomenon known as
‘sea sparkle’ or ‘the burning of the
sea, during night time. Some algal
blooms of diatoms and
dinoflagellates are well known for
their ability to produce toxins which
are hazardous to humans and
animals (Table 1). The filter feeders
like clams and mussels consume
these toxic algal species
(phytoplankton) and accumulate
toxins in their body. At lower
concentration, these toxins may only
cause sickness but in a higher
concentration, it is potent enough to
kill human and other animals
(Anderson et al., 2021).
The lack of feasible and applicable
technology or funding to fix the
contaminated and eutrophicated
water

water bodies are a major concern
and growing issue. Aquaculture feed
management is vital in aquaculture
operation, the feeding schedule is
directly correlated to economic and
environmental sustainability; the
feed cost accounts for up to 60% of
the total fish production costs in
commercial aquaculture. Research
has thrown light towards the
importance of scientific farming
practices and how a well-designed
system along with feed management
practices can reduce the nutrient
discharge by 50%. Therefore, it is
necessary to reduce the waste
discharge from aquaculture systems,
it would be beneficial to use
automated feed systems as they are
more accurate and create less waste,
but there would still be a lot of need
for staff that will help make sure the
system is running optimally. It will
also be important to make sure there
are people keeping track of the
waste from these operations. If the
systems are well regulated, not only
improve environment quality but
also economic status (Twiner et al.
2008). 
Global aquaculture relies heavily on
the farming of non‐native aquatic
species and introduction of exotic
species sometimes results in
invasives

invasive species outbreaks and huge
environmental impact on native
ecosystems and its fauna and flora
(Havel, et al, 2015). The country has
unutilized and underutilized vast
and varied resources, in the form of
191,024 km of rivers and canals, 1.2
million Ha of floodplain lakes, 2.36
million Ha of ponds and tanks, 3.54
million Ha of reservoirs and 1.24
million Ha of brackish water bodies
that offer great opportunities for
enhanced production along with
livelihood development and
ushering economic prosperity
(Department of Fisheries, India,
2022). At present, Aquaculture
production is indispensable to meet
the demands for fish and seafood
products. Humans and other animals
rely on fish products for food and
vitamins, and it is a vital part of our
economy. An efficient aquaculture
system not only limits its own
environmental impact but it also
helps repair the overfished oceans
and lakes. Regulation of aquaculture
can create better products for human
consumption, and can benefit the
economy by creating jobs in all sorts
of fields including coastal
communities. Aquaculture is
necessary for our country, so make
sure it is running properly and
environmentally friendly.
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Algal Toxins Species Causes

Saxitoxin Gonyaulax spp., Alexandrium spp., Gymnodinium spp., Pyrodinium spp. Paralytic Shellfish Poisoning (PSP)

Domic acids Nitzschia pungens Amnesic shellfish poisoning (ASP)

Okadaic acids Prorocentrum spp., Dinophysis spp. Diarrhetic Shellfish Poison (DSP)

Brevetoxin Karenia brevis Neurotoxic shellfish poisoning (NSP)

Azaspiracids Azadinium spinosum Azaspiracid shellfish poisoning

Table 1: Algal species cause shellfish poisoning.
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ncreasing industrialization
is playing significant role in
the development and the
civilization of a country but 

its consequences are very much
dangerous and awful for the health
of the environment. Industrial gas
contains a lot of harmful gaseous
compounds and gives horrible
impact. The two main toxic
compounds of automobile emission
are the CO and NO. In India rapid
growth of vehicles contributes
progressive degradation in air
quality of atmosphere day by day.
The most commonly found air
pollutants in atmosphere are Sulfur
dioxide, Nitrogen Dioxide, Carbon
Monoxide, Atmospheric Particulate
Matter and Hydrocarbon
(Rezanejad, F. 2009). The air
quality is monitored on regular basis
by many organizations particularly
by the air Pollution Control Board
in open and sensitive areas
(Bortnick & Stetzer; 2002; A.,
Fernandez, C., & Bonin, G; 2003). 
 ------

I 
Abstract
Pollen grains are male gametophytes
and are responsible for sexual
reproduction in angiosperms. The
fertility of plants depends on it.
Intense air pollution condition of a
place effects badly on the fertility of
plants of that area. Air pollution
caused by vehicular emission results
asymmetry in anthers and reduces the
quantity and quality of male
infertility in plant species. The
purpose of this study was to
determine how vehicle exhaust
pollution affected the angiosperm
pollen grains. Present study was
based on the comparative study of
pollen grains of selected plant species
taken from the polluted and non-
polluted site areas of Chapra town of
Bihar. Protein analysis, Flavonoid
analysis and viability of pollen grain
were examined. Result showed that
the pollen grains of selected plant
samples brought from polluted areas
were very much sensitive to vehicular
exhaust emissions. Reduced fertility
rate were seen, remarkable reduction
were seen in the quantity of pollen
grains with pollen grain tube lengths.
Increasing amounts of asymmetry in
external features of pollen grains and
low contents of its protein were also
seen.

Introduction
The harmful effects of
environmental pollution on living
beings remain unexplored events till
now. Pollen grains are male
gametophyte of flowering plants
and plays an important role in plant
fertility but due to the air pollution it
interacts with toxic gases which
bring changes or breakage in their
protein content and make toxic
compounds which hinder the
fertility and growth of plants. Toxic
gases are responsible to induce the
breakage in proteins and form new
proteins. Plants which are found in
the polluted areas faces different
kind of gaseous pollutants so their
reproductive part gets disturbed and
reduce fertility. The pollutants
jointly effected on root organ and
aerial parts of plants then generative
apparatus development and
eventually plant fertility (Rezanejad,
F; 2007). As anther ruptured and
reached to stigma toxic pollutants
entered at that time and damaged
badly the structure of pollen grains,
--- 

Keywords: Automobile emissions, Bio-indicator, Flowering plants, Pollen grain
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Different kinds of protein are
present in the major domain of
pollen grains from which Exine
present at the surface of the external
layer of the pollen grains. Intine is
the inner layer of protein found in
pollen (Rezanejad, F; 2009).
Helander et al. in (1997) could not
be able to detect any remarkable
difference between protein bands of
pollen grains taken from polluted
and non-polluted areas (Helander,
M. L., Savolainen, J., & Ahlholm, J;
1997). Flavonoids is an important
compound found in plant species
and works from different ways but
due to air contamination its amount
reduced gradually. There was very
little information available
regarding the effects of air pollution
on the angiosperm pollen grains
found in Chapra, Bihar. Acute air
pollution is found in the atmosphere
of Chapra due to automobile
emissions. Flowering plant species
were distributed abundantly in parks
and road side area of Chapra, so
they targeted continuously by the
vehicular emissions. The purpose of
this study was to determine the
impact of vehicular pollution on the
vegetation of Chapra through
comparative study of pollen
viability, proteins, and flavonoid of
pollen grain which were taken from
the polluted and non-polluted site
areas of Chapra town of the state of
Bihar.

Selection of the Study Area:
Chapra is a small town of Bihar
State. It is situated in the western
bihar--

Bihar and northeastern part of India.
The Ganges (Ganga) and Ghaghara
River crossed from Chapra town.
The latitude of Chapra is 25.78°N
and the longitude is 84.7274°E.
Average elevation is 36 meters.
Annual average temperature is 26°C.
Heavy traffic of cars, buses and
trucks, e-rickshaw, auto, scooters
and bikes are found in the
connecting road of Gandhi Chowk to
Nehru Chowk. Due to such reasons
these areas were chosen as a
polluted site. The area was chosen
based on the criteria of traffic
density, the amount of smoke and
road dust, and the visibility of
vehicle emissions. Variety of
beautiful flowering plants are
planted in this place like Roses,
Orchids, and Marigolds etc. Mango,
Litchi, Berry fruit plants are also
found here. Jai Prakash University
campus was chosen as a pollution
free site. Both the site having the
same soil characteristics. Chapra is
not an industrial area but the main
source

source of pollution is from
automobile emissions in entire
town. Air pollutants was monitored
by State Pollution Control Board
Patna, Bihar. So, the data was
collected from the SPCB, Patna.

Climate of the Study Area: Chapra
lies in the northern hemisphere. The
climate of Chapra is warm and
temperate. Rainfall is less in winter
seasons in comparison with
summer. The average temperature
here is 26°C. The annual rainfall is
1134 mm. The month of September
is the highest humidity month
relatively that is approximately
83.25%. The month of April
containing relatively low humidity
that is approximately 35.66%. July
is the month of heavy rainy days.
Winter starts here from the month of
mid-October. Summer starts here on
the mid of March and ends in the
month of Jun. The peak of summer
here is in the month of May and
June. Study was done for one year
(2021-2022).
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Material and Methods

Air Pollution Level in Chapra Air Quality Index Main Pollutants

Very Unhealthy 251 US AQI PM 10

Table 1: Air Quality Index (AQI) of Chapra

Figure 1: Study area (Gandhi Chowk Road and Jai Prakash University campus)
(Source; https://www.google.com/maps/@25.7844715,84.7565636,15z)

Pollution

https://my.clevelandclinic.org/health/diseases/4471-pneumonia


Types of Air Pollutants SO NO CO HC APM

February (Polluted Area) 0.080 0.060 3.6 1.85 178

March (Polluted Area) 0.065 0.08 8.2 2.66 160

February (Control Area) 0.002 0.011 0.5 0.05 40

March(Control Area) 0.002 0,011 0.5 0.10 50
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Arrangement and Analysis of
Pollen Grains: Flower samples
were collected from both the
pollution free and fully polluted
chosen site areas. The sample
collected from Gandhi Chowk site is
the polluted site. Sample collected
from University campus is non-
polluted site. Soil characteristics
were similar for the both sites areas.
Flowers were collected at the same
day and time from both the site to
evaluate the consequences of
automobile emissions on the
structural and biochemical
parameters of pollen grain.
Statistical examination were done
for the outcome.

Examination and Analysis of Soil:
Soil analysis were performed from
both the polluted and control areas.
Soils were analyzed on the basis of
following parameters - the range of
soil pH, electrical conductivity,
contents of organic matters, and soil
texture. For pH value and electrical
conductivity pH meters and
conductivity were used respectively.
As per the methods given by
ICARDA in 2001, soil texture and
soil organic matter were assessed
using an atomic absorption
spectrophotometer.

Pollen Grain Sampling and
Extract Preparation: During the
month of February to March in year
(2021) the pollen grains of the
flower of some angiosperm were
selected from both the polluted and
control sites. Pollen extract
preparation were required 55 mg of
pollen from each sample extracted in
1.6 ml of Phosphate buffered saline
solution The pH value was 7.4.
Mixture was stirred overnight at
4°C. The supernatant was Separated
by centrifugation at 5,000g for 30
min at 4°C and stored at -20°C until
further use.

Pollen Protein Examination:
Sodium dodecyl sulfate, glycerol,
bromophenol blue mercaptoethanol
are some Loading buffers and were
use

used in the amount of (63.4mM
Tris-HCl, pH 7.2, 2% SDS, 26%
glycerol, 0.01% bromophenol blue,
5% b-mercaptoethanol) with 90 µl
of pollen extracts (including 10 µg
protein) taken from control and
polluted site areas and after
vortexing and heating in boiling
water for 3 min were separated by
means of 12% SDS-PAGE
(Laemmli, U. K; 1970). Proteins
were set on 70 V and stored at 50 V
for whole night. Through the
vertical slab gel system (Akhtarian,
Ps-2000, Model 75, Iran).
Electrophoresis was conducted 3-4
times (Rezanejad, F; 2013). Proteins
were identified by staining through
the solution of the Coomassie
brilliant blue R- 250. For de-staining
of proteins the composition of
ethanoic acid, methanol and distilled
water were used in the ratio of
[1:1:8].

Flavonoids Analysis: Samples were
extracted with ethanol: water (1:1,
v/v; 0.6 g pollen in 6 mL solvent)
and kept at room temperature for 4
h. Extraction was aided by use of
vortexing in 30 min intervals. The
resultant mix was centrifuged at
5000 × g for 20 min at room
temperature, and the supernatant
was
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Table 2: Concentrations of Air Pollutants of
 Control and Polluted Areas

Figure 3 and 4 : Polluted site and
non-polluted site

Soil Parameters
Experimental Site

Polluted Site Area Control Site Area

Soil pH Value 7.6 ±0.04 7.2 ±0.3

Specific
Conductivity

6.30 × 10   ±0.01 4.36 × 10  ±0.03

Organic Matter 2.0 ±0.1 2.2 ±0.04

Soil Texture Sandy to Sandy Loam

Table 3: Soil Sample of Both Sites

Pollution
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was used for high pressure liquid
chromatographic analysis (Agilent
model 1100). Injection volume was
20 μL, and elution was performed
with a flow rate of 0.8 mL
min−1.The column used was c18
column (Zorbax 300SB). The
solvents comprised water adjusted
to pH 2.5 with orthophosphoric acid
(A) and acetonitrile (B) mixed with
a linear gradient starting with 100%
A, decreasing to 91% over the next
12 min, to 87% over the next 8 min,
and to 67% over the next 10 min.
After holding the solvent at this
composition for 2 min, A was
decreased to 57% over the next 10
min and then held at this level until
the end of the 60 min analysis.
Peaks were detected in 340 nm
(Campos et al., 1997). The phenolic
fingerprints (derived by comparing
peaks in each retention time) were
found to be sufficient to show the
effect of air pollution on flavonoids
of pollen grains in the present study
(Rezanejad, F; 2012). Air pollution
effects on flavonoids in pollen
grains of some ornamental plants.
Turkish Journal of Botany, 36(1),
49-54. The impact of air pollution
on flavonoid content was examined
by comparison of number and levels
(concentration) of peaks in
chromatograms of pollen grains
obtained from polluted and control
areas. Experiments were performed
in duplicate.

Viability of Pollen Grains :
Tetrazolium test was done to
determine viability of pollen grains
byr--

by applying the chemical 2, 3, 5 –
triphenyl tetrazolium chloride
reported by (Kaur, M., & Nagpal, A.
K. 2017; Iannotti et al; 2000). TTC
staining technique was used to make
TTC strain by mixing 1% drop of
tetrazolium chloride in 60% of
sucrose solution. Strain was
prepared for making slides and then
saved in black or dark color bottles.
Flowers of the particular plants
species having standard size were
randomly selected for anther
collection. Through the help of sharp
needle anthers were removed and
then kept on a glass slide and then
one drop of TTC were poured. After
that slides were prepared for
examination. Slides were covered by
the help of cover slips after removal
of air bubbles. DPX [dibutyl
phathalate xylene] is a Clear,
colorless thick solution and used for
the preservation of stains in
specimen slides. Thus, DPX were
used here for its preservation. Now
air tightened slides were kept for 2-3
h in a natural light. The light
microscope was used to observe
slides at the exaggeration of 400×
separately. Potentiality or viability
of Pollen was fixed by recording and
counting of the viable pollen grains
and non-viable pollen grains. Non-
viable and fragile pollen grains with
shrunken configuration were
yellowish in color. While the rose
marked and reddish pollen grains
were spherical in shape and
considered as viable, fertile and
healthy pollen grains. Those Pollen
grains which collected from each
and

and every respective plant species
and taken from polluted and control
sites were studied separately.
Repetition of the experiment was
done for 4-5 times and statistical
mean was estimated by the help of
the following formula :

The Statistical Evaluation: All the
result of parameters were calculated
as an average and standard
deviation. T-test of significance was
used for the statistical analysis of
data. 

Pollen viability: The results showed
that the viable pollen grains showed
the color differentiation which was
on the center of mass was red, on
the edges it was of pink color with
slightly having orange shed, pink
and red. Most of the pollen grains
were shown good percentage of
viability but some were shown
sterility. The intensity of pollen
staining was observed due to
decrease towards the margin of the
cover slip and in regions of air
bubbles. The observations indicate
that decrease in the availability of
air bubble with the increases in
coloration of the pollen. The
possible reason for pollen failing to
stain a uniform red may be the
inhibition of reduction of TTC by
air.

Protein Analysis: Pollen extracts of
the both polluted and control sites
did
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Pollen viability (%) =
No. of viable pollen grains / Total
no. of counted pollen grains x 10

Results

Pollution
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did not show any apparent change
when analyzed with SDS-PAGE
pattern of soluble proteins. Pollen
grain size reduction was seen in
those plants which were taken from
polluted site. SDS-PAGE pattern of
soluble proteins were containing no
evident variations drawn out from
both polluted and control sites. With
aqueous ethanol few pollen grains
were pulled out to make an extract
rich in phenolic for high-pressure
liquid chromatographic
examination. With solvent
programming, the phenolic removed
with retention times between 1- 60
min of phenolic fingerprints samples
were enough to show the impact of
air pollution on flavonoids of
microspores. Study showed that
pollen grains of angiosperms
whenever come in contact with air
toxicants they can detect a 1.5 fold
increase in peak of retention time 30
min in comparison to the same peak
time of the control one.

Flavonoid Analysis: Flavonoids are
important chemical for pollen
germination, pollen regularity, and
pollen tube growth. Results showed
that the rise in air pollutants was
responsible in the increment amount
of flavonoids in a natural
surroundings. Air pollutants
especially APMs together containing
synergic effects and induce defense
mechanisms such as flavonoids
biosynthesis. Study showed APMs
having no any effects on the pollen
flavonoids. It was observed that the
concentration of these materials in
polluted areas was 6- to 7-fold
higher than in control areas.
Angiosperm pollen is metabolically
very active, and its successful
fertilization is highly dependent on 2
factors: rate of the rapid germination
and pollen tube growth. Results
showed increment level of flavonoid
in the presence of air pollutants.

Toxic gases of automobile
emissions interconnect with the
pollen grains of plant species. These
interactions conduct changes in the
ontogeny, physiology and
morphology in pollen grains of a
plant. Alterations in chemical
compounds of protein bring changes
in the nature of biochemical and
morphological structure of pollen
grains and effect badly in its amino
acids and flavonoids. Changes in the
concentration of toxic gases which
come from the automobile emission
enhances the level of the
concentration of total flavonoids of
pollen grains. Pollen grains are
prominent to collect higher degree
of secondary metabolites especially
the phenolic compound. Result
showed that the pollen grains of
angiosperms lacking of apertures,
they were wettable, and the ectexine
was
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Figure 4:  Images showing Viability
and Non-Viability of microspores

Figure 5: Protein band in pollen grains. 
(Protein profile of different pollen grains. Results show that polluted and non-polluted pollen
grains have the same bands, but immature pollen grains have several different bands. M,
protein markers; Im, bands of immature pollen grains; N, bands of normal mature pollen
grains; Pl, bands of pollen grains collected from polluted area; 20Pl, bands of pollen grains
exposed for 20 days to pollution; C, bands of pollen grains exposed for 20 days to clean air.) 
 (Source:
https://www.researchgate.net/publication/8547957_Increasing_allergy_potency_of_Zinnia_p
ollen_grains_in_polluted_areas/figures?lo=1

Conclusion

Pollution
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was covered with granula. In light
microscopy the diameters of granula
were seen to be less than one micro
meter. Granula was seen to be of
different size and distributed
irregularly in the exine. Granula was
looked like a tiny sized particle with
spherical shape containing small and
prickly excrescences. In the middle
of granula, the region of coarse
present. Studies showed when
pollen was examined in light
microscopy it was seen that the
microspores were rounded in shape
but aperture upon their surfaces
were clearly not seen. It is also seen
that whenever microspores were
suspended in water the outer layer
of proteins of pollen grain namely
intine swelled and the exine burst.
Result indicates that the air
pollution effects negatively on the
structure of pollen grains. Pollutants
are responsible for increasing the
number of asymmetrical and
breakable or fragile pollen grains of
the plants on road side area when
compared to the control area. When
pollen grains of the both polluted
and controlled sites were placed in
water solution the rate of exine
breaking increased gradually in
those pollen grains bring from
polluted area in comparison to
controlled one. Toxic gases and
impure air impacts unfavorably on
plants fertility, plant growth rate,
and plant productivity. This study
gives a clear picture of the total
effect of air pollution on the
vegetation of Chapra town of Bihar. 

It is a threat for mankind to stop
pollution and save plants for their
own survival.
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