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A B S T R A C T

Diwali is celebrated widely in Asian countries, with a custom of firing crackers. Crackers pollute the environment
with noise, particulate matter and chemicals. There are reports on the variation of particulates during firing
crackers but none on airborne microbes. The present study was conducted to know the impact of fire crackers on
airborne microflora. The air samples were collected 3 days prior to Diwali, on Diwali and 3 days after Diwali
during the year 2017 at 15 different areas in Chennai, India. Andersen N-6 viable particle air sampler was exposed
with petridishes containing nutrient agar and potato dextrose agar for the isolation of bacteria and fungi
respectively. An average of 1,904 � 2.5 CFU/m3 of bacteria recorded prior Diwali was reduced by 53.23% on
Diwali and increased by 27.37% after Diwali. This reduction on Diwali is attributed to the exposure of bacteria to
chemicals emitted by the crackers. For fungi, an average of 235.57 � 1.67 CFU/m3 was recorded prior Diwali,
with an increase of 78.5% on Diwali. The increase in fungal count might be due to the release of spores by ground
crackers. The study shows that bacteria are susceptible to the chemicals emitted by fire crackers when compared
with fungi.
1. Introduction

Diwali, commonly known as the festive of lights, is celebrated widely
in Asian countries like India, Singapore and Malaysia. As a part of cele-
bration, crackers are fired. Fire crackers are classified into those ex-
ploding at the ground level and in air (Devara et al., 2015). Crackers
contain chemicals such as salts of potassium (K), sulphur (S), manganese
(Mn), sodium (Na), aluminum (Al), iron (Fe), strontium (Sr), barium (Ba)
and charcoal (Wang et al., 2007). When crackers are fired, it is reported
that there is an increase in levels of ozone, sulphur dioxide (SO2), ni-
trogen oxide (NO2), particulate matter (PM), black carbon and poly-
aromatic hydrocarbons in the atmosphere (Attri et al., 2001; Barman
et al., 2008; Xu et al., 2018).

The impact of firing crackers on ambient air quality has been studied
by authors from different countries. The increase in particulate matter,
heavy metals, SO2, NO2, etc., after fireworks was reported in California,
USA (Liu et al., 1997; Seidel and Birnbaum, 2015) and Mainz, Central
Germany (Drewnick et al., 2006) during their Independence day and new
year celebrations, respectively. In the pyrotechnic displays following
FIFA World cup at Milan, Italy, the concentration of PM10 and metals (Sr,
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Mg, K, Ba and Cu) were found to increase significantly (Vecchi et al.,
2008). In China, the concentration of PM2.5 and water soluble ions were
found to be elevated, following the firework display during new year
celebrations (Yang et al., 2014).

In India, the concentration of SO2 increased by ~10 folds, whereas
NO2, PM10 and total suspended particles increased by 2–3 times during
Diwali, when compared with non-Diwali period, at Hisar, Haryana
(Ravindra et al., 2003). The level of black carbon was found to increase
by 3–4 times due to firing of crackers during Diwali, at Thir-
uvananthapuram, Kerala (Babu and Moorthy, 2001). At Hyderabad,
Kulshrestha et al. (2004) reported the increase in metallic concentration
of Ba, K, Al and Sr as much as 1,091; 25; 18 and 15 times respectively,
when compared with the previous day of Diwali. Similarly, the air quality
of Lucknow was affected due to emission of PM10, SO2, NOx and trace
metals during Diwali celebrations (Barman et al., 2008).

According to System of Air quality Forecasting And Research (SAFAR)
network, continuous assessment of air quality through monitoring sta-
tions in Delhi recorded high concentrations of PM2.5 and PM10 during
Diwali, when compared to non-Diwali periods. This increase was noted to
contribute to the excess number of cardiovascular and respiratory
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mortalities during 2010 (Beig et al., 2013). In the same year, the con-
centration of PM10 and SO2 increased by ~5 times on Diwali, when
compared with non-Diwali period, at Kolkata. Additionally, the con-
centration of the metals - Al, Zn, Pb and Cd increased by 5–12 times; Cu,
Fe andMn by 25–40 times and Co and V by 70–80 times (Chatterjee et al.,
2013). A 3-year study (2009–2011) at Hyderabad revealed that high
concentrations of O3, NOx, black carbon and SO2 were recorded during
Diwali, suggesting that the air quality was affected due to fire crackers
(Yerramsetti et al., 2013).

Although many reports are available on the impact of firing crackers
on particulate matter, heavy metals, ozone, oxides of sulphur and nitrate,
there is no study on the impact of fire crackers on airborne bacteria and
fungi. Hence, the current study aims at knowing the impact of fire
crackers on airborne microbes, i.e. bacteria and fungi, and their total
colony forming units (CFU) during Diwali, which is the first of its kind.

2. Materials and methods

2.1. Air sampler

Andersen N-6 viable particle air sampler (Aerotech laboratories, Inc.
Phoenix, Arizona, USA) was used to conduct this study. The sampler,
made of Aluminium, possesses 200 holes in a radial pattern, with cut-off
diameter of 0.65 μm. The sampler was connected to vacuum pump (Zefon
International Inc. St. Petersburgh, Florida, USA) and operated for 4 min
at each site, with the suction rate of 28.3 L/min.

2.2. Sampling site

The air samples for the presence of bacteria and fungi were taken
from 15 different sites as replicates, across Chennai city (13.08� N,
80.27� E) in Tamil Nadu, India. The metropolitan city, being the capital
of the state of Tamil Nadu, is located on the Coromandel coast off the Bay
of Bengal at an elevation of 6.7 m and is spread over an area of 178.20 sq.
km. Air sampling was conducted at the localities of Perambur, Moola-
kadai, Madhavaram, Purasaiwakkam, Kilpauk, Basin Bridge, Koyam-
bedu, Royapuram, Mylapore, Guindy, Adyar, Kodambakkam,
Choolaimedu, Arumbakkam and Anna Nagar in the city of Chennai. The
location of the sampling sites is represented in Fig. 1.

2.3. Sampling procedure

The sampler was disinfected with 70% alcohol and then loaded with
petridishes containing nutrient agar (0.5% Peptone; 0.5% Sodium chlo-
ride; 0.15% Beef extract; 0.15% Yeast extract; 2% Agar) and potato
dextrose agar (20% Potato infusion; 2% Dextrose; 2% Agar) amended
with an antibiotic, streptomycin, prior to operation. The sampler was
placed at a height of 1 m and was operated for 4 min at each sampling
site. The air samples were collected 3 days prior to Diwali (15th October),
on Diwali (18th October) and 3 days after Diwali (21st October), in the
year 2017. The plates were incubated at 37� 2 �C for 24–48 h and 28� 2
�C for 3–5 days, for the enumeration of bacteria and fungi respectively.

2.4. Data analysis

The number of colonies grown on the exposed petridishes was
enumerated after the incubation period and converted to Colony Forming
Units (CFU) per cubic meter of air as follows:

Suction rate of the sampler ¼ 28.3 L/min
Duration of each sampling ¼ 4 min
Amount of air sampled in 4 min ¼ 113.2 L
Let the number of colonies recorded ¼ X

Colony Forming Units ðCFUÞ = m3 of air ¼ 1000 � X
113:2
2

The average CFU/m3 was recorded from the total CFU/m3 as:

Average CFU
�
m3 ¼ Total CFU=m3

Total number of sampling sites ð15Þ
Statistical analysis was performed by One-Way analysis of variance

(ANOVA) with 5% level of significance, using GraphPad Prism, version
6.01 (San Diego, CA).

3. Results and discussion

3.1. Airborne bacteria

Altogether, a total of 28,560.07 � 37.48 CFU/m3 of bacteria was
recorded from all the 15 sites studied on the day prior to Diwali, which
declined to 13,356.89� 12.49 and 20,742.05� 24.99 CFU/m3 on Diwali
and after Diwali. An average of 1,904� 2.5; 890.46� 0.83 and 1,382.80
� 1.67 CFU of bacteria per m3 of air was recorded on the respective days.
A decline of 53.23% of total CFU was recorded on Diwali day. On the day
sampled after Diwali, the total CFU was found to increase by 55.29%
when compared to that on Diwali day and decrease by 27.37% when
compared to the day prior to Diwali.

Significant difference was observed in the total number of CFU/m3 of
bacteria (P ¼ 0.0002) among the days sampled. Among the 15 sites, the
maximum CFU/m3 for bacteria was recorded at Perambur, followed by
Choolaimedu, with 3,321.55 � 37.48 and 2,800.35 � 37.48 CFU/m3

respectively, prior to Diwali. At these sites, the CFU/m3 reduced by
81.91% and 60.88% on Diwali. However, a drastic decline of 98.29%was
recorded at Madhavaram on Diwali (44.17 � 12.49 CFU/m3) when
compared to that recorded prior to Diwali (2,588.34 � 12.49 CFU/m3).
Post Diwali, the CFU was found to be the highest at Perambur.

Notably, the bacterial count was found to reduce in all the sites on
Diwali and increase after Diwali, when compared to 3 days prior Diwali.
The CFU/m3 of air recorded for bacteria at different sites on different
days during Diwali celebration is represented in Fig. 2.

In the present study, the reduction in total bacterial CFU/m3 of air in
all the sites studied could be attributed to the impact of the chemicals
emanated by fire crackers. The making of fire crackers include chemicals
such as black carbon, nitronium perchlorate, hydrazinium nitroformate,
polysulfide, polyvinyl chloride, polyurethane, toluene-2,4-diisocyanate,
triethanolamine and salts of aluminium, magnesium, beryllium, boron,
antimony, titanium, iron, ammonium, barium & potassium (Russell,
2000). On ignition, the crackers release particulate matter, elements and
their oxides. The increase in the concentration of metals during pyro-
technic displays has been recorded by different studies, as mentioned
earlier in the introduction section. Metals and metal oxides are known to
inhibit the growth of bacteria by interacting with the phospholipid
bilayer, binding to cytosolic proteins or formation of reactive oxygen
species (Gold et al., 2018). In addition, pyrochemicals are known to act
on microbes either as free radical or in molecular state, thus destructing
the cell wall or the genetic material (Kim et al., 2016). The results of the
present study correlate with a previous one which ascertained the impact
of pyrochemicals on microbial diversity in soil, leading to reduction in
bacterial count (Dhasarathan et al., 2010).
3.2. Airborne fungi

The fungal count recorded on the day prior to Diwali was 3,533.57 �
24.99 CFU/m3. This was found to increase on Diwali day (6,307.42 �
12.49 CFU/m3) by 78.5%. However, no significant difference was
observed on the count on the days prior and after Diwali, with the
average CFU/m3 being 235.57 � 1.67 and 236.16 � 1.67. Among the
sampling sites, the maximum CFU/m3 of fungi was recorded at Roya-
puram, followed by Perambur with 371.02 � 12.49 and 326.86 � 12.49
CFU/m3 respectively, prior to Diwali. The least CFU/m3 was recorded at
Madhavaram (8.83 � 12.49 CFU/m3).



Fig. 1. City Map showing the location of sampling sites.
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Fig. 2. Total number of CFU/m3 of airborne bacteria recorded at different sites.
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The increase in CFU of fungi was recorded on Diwali, at all the sites
studied. The highest CFU/m3 was recorded at Royapuram with nearly 2-
fold increase on Diwali day. Koyambedu recorded the highest CFU/m3

(441.70 � 24.99) on the day sampled after Diwali celebrations. Analysis
by ANOVA revealed that significant difference was observed among the
sampling days, with the P value less than 0.0001. The total CFU/m3 of
fungi recorded at different sites on different days during Diwali cele-
brations is represented in Fig. 3.

The major stages in the transfer of fungal spores are source, take off,
dispersal, deposition and effect. The flow of air at the source enables the
spore to take off and disperse. Turbulence of air, either mechanical or
thermal, is the major factor for dispersal of spores in the outdoor atmo-
sphere (Dijksterhuis and Samson, 2007; Gregory, 1945). Noise, light,
smoke and floating materials are the primary effects of fireworks. In
accordance to the movement of smoke puffs, spores are dispersed into the
turbulent boundary layer (Zadoks et al., 1969). The increase in CFU of
fungi on Diwali as recorded in the present study is attributed to the firing
of ground crackers which has created turbulence at ground level, thereby
liberating the fungal spores and increasing the fungal CFU. Fungal spores
possess multilayered complex cell wall (Harper et al., 2018), due to
which they are more resistant to chemical exposure (Li and Wang, 2003)
when compared to bacteria. After Diwali, as firing crackers ceased, the
Fig. 3. Total number of CFU/m3 of airborne fungi recorded at different sites.
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turbulence of air got reduced, thus resulting in similar CFU as that
recorded prior to Diwali.

4. Conclusion

A study on the impact of fire crackers on airborne microbes during
Diwali was conducted at 15 different sites across Chennai city, India. The
samples were collected 3 days prior to Diwali, on Diwali and 3 days after
Diwali in the year 2017, using Andersen N-6 viable particle air sampler.
The study reveals a decrease in airborne bacteria and increase in airborne
fungi on Diwali. The decrease in bacterial count is attributed to their
exposure to chemicals emitted by fire crackers. The increase in fungal
count is due to the explosion of ground crackers which resulted in tur-
bulence and release of fungal spores from ground to the atmosphere.
Further, the study shows that bacteria are more susceptible to the
chemicals emitted by fire crackers when compared with fungi.
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