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Abstract: Worldwide air pollution is an important source of morbidity and mortality. These days air 

contamination is an unsolvable issue and it directly affects the human prosperity and economy of a 

country. When compared to natural sources, anthropogenic activities are the major participant in the 

ambient air pollution problem. The present study aims to determine the Particulate Matter concentration 

during the Diwali celebration period in the Alandur area, Chennai district, Tamil Nadu, India. In this 

study area, alarmingly high air pollution was noticed in the year 2017 during Diwali Day. To validate 

the status of current situation in the study area the research was done in 2021. An ambient air quality 

sensor was used to monitor PM1, PM2.5 and PM10 particulate matter concentration and particles count. 

It was found that the maximum concentration was 1498 µg/m3 for PM10. It was identified that particles 

of size <1µm were more in the event of fireworks. Particles with diameter <2.5µm may induce an 

adverse health effect than larger fine particles. From this study, it is identified that, a complex mixture 

of transient particles released from fireworks and some of the elements were identified from the collected 

particulate matter samples such as C, N, O, Na, Al, S, Cl, K, Sr, Ba, Mg, Mn, Sb, Fe, Ca and As. The 

study found that trace elements available in the fine particles are inhalable and may pose ill effects on 

human health. 
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1.Introduction  
Worldwide some of the festivals and events are celebrated with firecrackers. Interestingly, the 

Festival of Lights commonly known as ‘Diwali ‘in India is a popular one. Likewise, Lantern Festival in 

China and Taiwan, Guy Fawkes in the UK, Independence Day in the USA, Las Fallas in Spain Mascletas 

a pyrotechnic event in Spain, European World Cup football celebrations, Bastille Day in France, Bonfire 

Night in England, Canada Day and other New Year’s celebrations,weddings celebrations, sports 

competitions, political meeting are celebrated with firecrackers. Diwali is celebrated all over India 

during the winter season. India has a rapid increase in population, industry, vehicle and energy 

consumption, especially in urban cities which has led to associated air pollution problems. As a part of 

celebration firecrackers are burnt which is made up of oxidizing agents (such as potassium nitrates, 

potassium chlorate, potassium perchlorates, nitrates of barium and strontium, iron oxide) and fuels.The 

fuel sources for the ignition of fireworks may include metal fuels (aluminium and magnesium), also 

non–metallic fuels sulphur, boron, phosphorus sulphide compounds and organic fuels charcoal, 

carbohydrates. Also, sodium nitrate is added as binder [1]. A study indicated that strontium salts & 

lithium salts produce red color (SrCO3,Li2CO3), calcium salts (CaCl2, CaSO4•2H2O) produce orange 

color, incandescence of iron or charcoal produce gold colour, sodium compounds (NaNO3,Na3AlF6) 

produces yellow colour, white hot metal (BaO) produces electric white color, barium compounds with 

chlorine (BaCl+) produces green colour, copper compounds and chlorine produces blue color, mixture 

of strontium (red) and copper (blue) compounds produces purple color, burning aluminium, titanium or 

magnesium powder produces silver color [2]. Antimony (Sb) is used to create firework glitter effects 

[3]. 
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Firecrackers pollute the indoor and outdoor environment with high noise and toxic chemicals. 

Various toxic gases and particulate matter of different sizes are emitted from the bursting of fire crackers. 

Gaseous pollutant SO2 [4,5,6], Nitrogen dioxide [4,6], Nitric oxide [7], Benzene, Toluene, Ethylbenzene 

and Xylene-volatile aromatic compounds (BTEX) [8], Perchlorate [9] and Chloride [9,5] were found to 

be at a higher level during firework events. Fleischer et al reported that during the New Year celebration, 

firework events released aerosols of organic toxic species, including octachlorinated dioxins, furans and 

hexachlorobenzene [10]. 

 

1.1 Health effects due to Particulate matter 

Generally, particulate matter less than 10 micrometers in diameter can get deep into the lungs and 

some may even get into bloodstream. According to USEPA the particulate matter size <10µm are called 

as coarse particles, <2.5µm are named fine particles and <0.1µm are termed ultrafine particles. 

Particulate matter of size less than 2.5µm in diameter pose the greatest risk to human health. These 

smaller particles pass through the nose and throat and enter the lungs. Once inhaled, these particles can 

affect the lungs and heart and also causes serious health effects in individuals. People with heart or lung 

disease, people with diabetes, older adults and children (up to 18 years of age) are greatly prone to high 

risk. Larger particles (> 10 µm) are generally of less concern because they usually irritate the eyes, nose, 

and throat. Particle pollution can last from hours to days and short-term exposure to these pollutants has 

effects in the human health.  

Environmental protection Agency (EPA) informed that the fine particulate matter pollution poses 

serious health threats to human which causes early death (both short-term and long-term exposure), 

Causes cardiovascular harm (e.g., heart attacks, strokes, heart disease, congestive heart failure) 

respiratory diseases (e.g., worsened asthma, worsened COPD, inflammation), cancer, harm to the 

nervous system (e.g. reduced brain volume, cognitive effects), reproductive and developmental problem 

[11] 

United Nations International Children’s Emergency Fund (UNICEF) reported that 600000 children 

die every year in developing countries due to air pollution [12]. A study reported that exposure to PM1, 

PM2.5, PM10 during the first three years of life were associated with the increased risk of Autism 

Spectrum Disorder(ASD) [13].A similar study was conducted and stated that 7-14 years of children 

when exposure of PM1 particles led to lower lung function than PM 2.5 particles [14]. Recently, World 

Health Organization (WHO) revised the Air Quality guidelines in the year 2021 after 16 years and 

reported that annual and 24 h average for PM2.5 and PM10 are 5,15 and 15,45 respectively [15]. In the 

present study an effort is being made to monitor the particulate matter concentration during Diwali 

festival 2021. 

 

2. Materials and methods  
Alandur is an urban area in the Chennai district of Tamil Nadu, one of the many zones of the Chennai 

Corporation. The site is well connected with Grand Southern Trunk Road (NH 45) and International 

Airport. The neighbouring towns of Alandur include Guindy industrial Estate and Adambakkam. 

Alandur is located between 13.03° North and 80.21° East on geographical coordinates. It stands at an 

elevation of 12 m above the mean sea level. As Alandur lies on the thermal equator, it has a tropical 

climate. The hottest months in the study area are from May to early June and the temperatures vary 

between 35°C to 40°C. December and January prove to be relatively cooler months in Alandur, where 

temperature fluctuates between 15°C to 22°C [16]. Average annual temperature is 27.9°C and 

precipitation is about 1014 mm/year [17]. This area is busy with vehicular movement and it is one of the 

congested areas in Chennai. In the year 2017, the study area has experienced higher concentration of 

PM2.5 and it was found to be about 999 µg/m3 [18]. The location of the monitoring site is presented in 

Figure 1. 
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Figure 1. Study Area-Alandur, Chennai 

 

Measurements were carried out near the Alandur bus depot, Chennai. Air Quality sensor (Prana air-

Smart air monitor, 2000mAh,3.7V, Li-ion cell, China) was used to measure PM1, PM2.5 and PM10 

concentration in terms of µg/m3. The sensor operate with laser light and have no fans to draw the air into 

the device and also working with light scattering method. Samples of particulate matter PM1, PM2.5 and 

PM10 were collected for each day using EPAM HAZ DUST sampler (Environmental Particle Air 

Monitor EPAM -5000) with micro glass fiber filter of 47 mm diameter. The air quality sensor was used 

to measure particulate matter concentration and particles number count. Both sensor and dust sampler 

were kept at breathing level near the MKN circle for 15h period.Collected samples were taken for size 

fraction by using Scanning Electron Microscope (Carl Zeiss MA15/EVO 18,German) and elemental 

analysis was done using energy dispersive X-ray spectroscopy (Oxford Instruments Nano Analysis 

INCA Energy 250 Microanalysis System,German) 

 

3. Results and discussions  
3.1 History of air pollution at study site 

Usually during Diwali festival, celebrations with fireworks starts before the day of festival and it 

continues for a day to two. It is shown in Figure 2, the minimum, maximum and average value of PM2.5 

concentrations over the period of 5 years 2015, 2017, 2018, 2019, 2020, highlighting only celebration 

week represented as 2a, 2b, 2c, 2d and 2e respectively (arrow mark indicates the Diwali day for the 

mentioned years). Data were collected for a total of 7 days period in which 3 days before and 3 days 

after the Diwali Celebration. In the year 2017 it is remarkable that the maximum concentration of PM2.5 
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was 999 µg/m3 during prediwali and on the day of Diwali day, which is 10 fold greater than the 24 h 

average concentration of Central Pollution Control Board (CPCB) standards (Annual average 60 µg/m3, 

24 h average 100 µg/m3 [18]) and 66 fold greater than the WHO revised guidelines 2021 prescribed for 

24 h average (Annual average 5 µg/m3, 24 h average 15 µg/m3). In addition, average concentration of 

particulate matter was 154µg/m3 on the day of the celebration. Similarly, in the years 2015, 2018 and 

2019 PM2.5 concentration was observed above the permissible limit. The same kind of study reveals that 

smoke plumes generated from fireworks can raise atmospheric particulate matter (PM) levels from tens 

to thousands of µg/m3[9]. 

 

        
Figure 2. PM2.5 Concentration during diwali celebration in the study area for the period 2015-2020 
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3.2 Temporal variation of particulate matter concentration at study site 

The bursting of firecrackers on Diwali day, as expected may deteriorate the ambient air quality. Real 

time particulate matter concentration and particle count are presented in Figure 3 and Figure 4, 

respectively. The pollutant concentration was significantly higher as compared to normal day which is 

shown in Figure 3. Monitoring particulate matter at respiratory level was done at each 1 h period for 

totally 15 h duration from 7.00 am to 9.00 pm. 

 

 
Figure 3. PM1, PM2.5, PM10 Particulate matter concentration during Diwali celebration 2021 

 

Figure 3a represents prediwali day (3/11/2021), which experienced the higher concentration of 

particulate matter during late evening hours. In the study location, for the day of Diwali (4/11/2021) 

measured PM data is presented in Figure 3b, showing that there was a minimum concentration during 

morning hours most probably due to a rainfall, but particulate matter concentration increased towards 

late evening hours. Figure 3c represents Post Diwali day (5/4/2021), showing a quick decrease in 

particulate matter concentration which may be due to less use of firecrackers and the atmospheric 

conditions with average wind speed about 2.5 m/s (CPCB) [18]. From the study it was identified that 

PM10 concentration is higher when compared with PM2.5 and PM1 concentration, but the particles number 

concentration were more in the the range of 2.5 µm to 0.3 µm size. Primož et al [19] found that there 

was a close correlation with the timings of the fireworks displays in the Slovenia region and PM10 

concentration exceeded the one day limit value during Christmas and New year celebration. Higher 

particulte matter concentration of PM10 and PM2.5 reported that 1046 µg/m3 and 842 µg/m3 respectively. 

Another study reported that the number of aerosol particles was higher in the range of 0.1 to 0.5µm size 

during lantern festival [8]. A similar research stated that PM10 and PM2.5 particles emitted from the 

lantern festival firework event, mainly primary aerosols emitted in the form of fine particles of these 

secondary formation of acidic anions are also formed as coarse particles. The study found that the smoke 

from firework are acidic and inorganic in nature [5].  
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In this study the air quality sensor classified air borne particles from 0.3µm to 10 µm size with a cut-

off diameter of 10 µm, 5 µm, 2.5µm, 1 µm, 0.5 µm and 0.3 µm respectively. Figure 4 represents the 

particle number concentration for the pre, post and Diwali day and it was identified that fine particles 

concentration more than the coarse particles and also particles number concentration were more in the 

the range of 2.5 µm to 0.3 µm size. A similar research identifed that the particle number concentration 

decreased with increasing particle size [20]. Another study found that fine and ultrafine particulate 

matter are formed from high temperature combustion process such as vehicular emission, coal 

combustion, industrial manufacturing process and chemical reaction in the atmosphere [21]. 

 

 
Figure 4. Particle Number Concentration in the Study Area during Diwali 2021 

(a:> 0.3µm  b: >0.5µm  c: >1µm  d: > 2.5µm  e: >5µm  f: >10µm) 

      

3.3. Elemental analysis 

Further the EDAX images are presented in Figure 5 and the results of elemental analysis are shown 

in Figure 6. The figure shows that the weight percentage of the elements on the day of Diwali as observed 

for PM10 particle size is in the order of Sr:37.72 > K:22.8 > S:19.88 > Sb:5.30 > Ca:4.89 > Ba:3.76 > 

Si:3.34 > Cl:0.80 > Na:0.67 > Al:0.63 > Mg:0.20. Similarly, PM2.5 contains the following elements 

C:43.39 > O:38.87 > Si:6.75 > N:5.4 > Na:2.40 > Ba:1.52 > K:0.72 > As:0.58 > Cl:0.27 > Mn:0.06 > 

Mg:0.03 > Fe:0.02. The elements available from the PM1 particles are as follows O:50.54 > Si:28.73 > 

Na:6.47 > Ba:5.68 > Al:3.37 > K:2.77 > Mg:1.66 > Fe:0.62 > Pb:0.15. Further this study found that 

there may be chance for formation of secondary pollutants from the firework emissions [22]. 
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Figure 5. EDX of PM1, PM2.5, PM10 concentration in the study area 

 
Figure 6. Quantitative representation (EDAX) of PM1, PM2.5, PM10 particles in the study area 
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In the literature survey some of the metallic elements present in the particulate matter were identified 

at higher levels during firework events. Vecchi et al. [23] studied that fire work displays during the FIFA 

World Cup 2006 celebration increased the concentration of metals, such as Sr (120-fold), Mg (22-fold), 

K (12-fold), Ba (11-fold), and Cu (6-fold), in ambient PM10 in Milan, Italy. Pramod Kumar et al., [24] 

found that during diwali celebration in India there was an average concentrations of particulate matter 

(in μg/m3) released from fire cracker, in order: aluminum (19.47) > magnesium (11.39) > sulfur (7.69) 

> potassium (6.50) > iron (0.74) > zinc (0.30) > lead (0.13) > copper (0.09). 

 

3.4. Results of previous research for firework pollution and health effects 

Fireworks give a visual pleasure which may result in serious accidents and lethal injuries [25] and 

colored fireworks could generate ozone at the ground level, which is a strong and harmful oxidizing 

agent which may affect the human health [26].  

A case study observed that breathing fireworks smoke produces cough, fever and dyspnea, all of 

which contribute to acute eosinophilic pneumonia [27]. Most particles emitted from firecrackers are fine 

(1–2 µm) particles and therefore potentially respirable [28] and inhalation of finely powdered aluminium 

particles has a causative fibrotic effect on the lungs [29]. A study demonstrated that the firework 

emission can produce serious health effects in mammalian cell and lungs irrespective of the particle size 

[30]. A study revealed that there is a decrease in air borne bacteria due to exposure of toxic chemicals 

on Diwali day [31]. Mariselvam et al conducted a health survey in the year 2017 and stated that about 

45% of urban people were facing problem with eye irritation during the Diwali festivals [32]. Antimony 

(Sb) is used to create glittering effect to the firecrackers and OSHA reported that inhalation of antimony 

trioxide causes carcinogenic (Group - 2B) to human being [33].  

The increased level of particulate matter led to a 67% increase in hospital admission. The prolonged 

exposure time to metals such as Zn, Co, Sr, Ni, Fe and Cd alone during Diwali period increased the 

health risk level by 0.5% [34]. 

 

4. Conclusions  
The concentration changes that appeared several times within short periods of time were noticed for 

PM1, PM2.5 and PM10 and it is noticed that higher particle are released in the range of fine and ultra fine 

particle size. The concentration of particulate matter is in the range of PM10>PM2.5>PM1 and the particle 

number concentration is increasing towards ultrafine particles size. The transient particles released by 

fireworks consist of complex mixtures of different trace elements. The notable trace elements in the 

study area are strontium, potassium, sulphur, antimony, calcium, barium, chlorine, sodium in PM10 

particles. PM2.5 particles consist of carbon, oxygen, silica, nitrogen, sodium, barium, potassium, arsenic, 

chlorine, manganese, magnesium and iron. Particle size less than 1 µm contain the elements such as 

oxygen, silica, sodium, barium, aluminium, potassium, magnesium, iron and lead. It is evident that the 

elements present in the particulate matter size less than 2.5 µm are easily inhalable which may cause ill 

effects. Therefore, it is important for human health to focus on the risk of high concentrations of toxic 

elements released from firework events.  

 

Acknowledgement: The author thanks Central Pollution Control Board, India (CPCB) for providing 

online data sources. 
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