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RESUMEN

La actividad de “pirotecnia” durante las celebraciones festivas locales pueden causar una contaminación del 
aire intensa y a corto plazo. Deepawali (fiesta de la luz) es una fiesta anual que se celebra en la India durante 
los meses de octubre o noviembre, con gran actividad en la atmósfera de fuegos artificiales. La concentra-
ción de contaminantes atmosféricos tales como SPM (partículas en suspensión), PM10, PM2.5, SO2 y NO2 
fue monitoreada durante seis días consecutivos en Salkia, una zona densamente poblada y residencial, cerca 
de Calcuta en la India, con el fin de evaluar el impacto que los fuegos artificiales presentan sobre la calidad 
del aire. Las concentraciones de contaminantes registradas fueron varias veces superiores a lo habitual con 
referencia a un típico día de invierno (6.44 veces superior para SPM, 7.16 veces para PM10, 5.35 veces para 
PM2.5, 1.73 veces para SO2 y 1.27 veces para NO2). Los resultados han mostrado la gran aportación que los 
fuegos artificiales generan en los niveles de concentración de los diferentes contaminantes atmosféricos. 
Las concentraciones de partículas superaron ampliamente sus respectivos valores normales, en promedio 
de 24 horas, (11.6 veces para SPM, 22.3 veces para PM10, y 34.3 veces para PM2.5). Además se midieron 
concentraciones de metales tales como Ba, Cu, Cd, Pb, Hg, encontrándose un intenso incremento en sus 
valores promedios diarios con respecto al día anterior (56.72, 79.00, 16.67, 14.86, 12.00, 6.26 veces respec-
tivamente). El probable impacto sobre la salud de los habitantes de la zona de análisis debido al incremento 
de los contaminantes atmosféricos, a pesar de ser un episodio de corta duración, se estima mediante una 
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simulación de Monte Carlo con la determinación del índice de riesgo relativo respecto de la mortalidad y 
morbilidad en los individuos expuestos y resultó ser sumamente alto. Finalmente se sugiere realizar algún 
tipo de control o disminución de los fuegos artificiales durante estas celebraciones, con el fin de disminuir 
los riesgos en la población. 

ABSTRACT

Fireworks display during festive celebrations can cause acute short term air pollution. Deepawali –the fes-
tival of light– is celebrated in India, every year during October or November with great fireworks display. 
Concentration of air pollutants such as SPM (suspended particulate matter), PM10, PM2.5, SO2 and NO2 were 
monitored for six consecutive days during Deepawali in Salkia, a densely populated residential area near 
Kolkata, India, for assessing the impacts of fireworks on ambient air quality. The pollutant concentrations 
as recorded on Deepawali were found to be several times higher (6.44 times for SPM, 7.16 times for PM10, 
5.35 times for PM2.5, 1.73 times for SO2 and 1.27 times for NO2) compared to a typical winter day value. 
The results indicated the huge contribution of fireworks on the pollutant levels. The particulate concentra-
tions on Deepawali exceeded its respective 24 hour residential standards by several times (11.6 times for 
SPM, 22.3 times for PM10, and 34.3 times for PM2.5). Concentrations of metals like Ba, Cu, Cd, Pb, Hg, Al in 
collected PM2.5 were found to be increased by many times on Deepawali (56.72, 79.00, 16.67, 14.86, 12.00 
and 6.26 times, respectively) compared to the previous day. The probable health impact of this huge though 
short-lived deterioration of the ambient air quality is estimated through Monte Carlo’s simulation in terms of 
increase in relative risk of mortality and morbidity in exposed individuals and found to be extremely high. 
It suggests some controls on fireworks during festive celebrations. 

Keywords: Air pollution; firework; festival; health impact, relative risk.

1. Introduction
In India, Festival of Light (Deepawali) is an important occasion celebrated every year during 
October or November. Large quantities of fireworks are displayed during the festival. 

Fireworks contain chemicals such as potassium nitrates, potassium chlorate, potassium 
perchlorate, charcoal, sulfur, manganese, sodium oxalate, aluminum and iron dust powder, strontium 
nitrate, and barium nitrate, etc. (Ravindra et al., 2003; Wang et al., 2007). These firecrackers when 
burnt can release various gaseous and particulate air pollutants and toxic metals to significant 
quantity and degrades the air quality as a whole. In California, USA a study following the Fourth 
of July holiday reveals significant increase in the levels of ambient air magnesium, aluminum, 
potassium lead, barium, strontium, and copper. The study also reports the original chemical 
composition and particle size of typical firework mixtures (Liu et al., 1997). A laboratory study 
revealed that highly toxic contaminants like polychlorinated dioxins and furans are produced during 
the display of fireworks like “blue lightning rockets” and “fountains” (Fleischer et al., 1999). The 
chemical composition and chemically resolved size distributions of fine aerosol particles were 
measured during the New Year’s 2005 fireworks in Mainz, Central Germany (Drewnick et al., 
2006). A detailed study of air pollution caused by firework display during lantern day festival 
in Beijing reported 57, 25, and 183%, respectively, increase in SO2, NO2, and PM10 levels over 
previous day. The PM2.5 concentration was found to be 6 times higher over normal day. Analysis 
of different elements and ions in fine particulates revealed that over 90% of the total mineral 
aerosol and 98% of Pb, 43% of total carbon, 28% of Zn, 8% of NO3

–, and 3% of SO4
2– in PM2.5 

were from the emissions of fireworks on the lantern night (Wang et al., 2007). In Milan, Italy a 
study on chemical-physical properties of airborne particles during a fireworks episode reported 
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one hour concentration of elements like Sr, Mg, Ba, K and Cu increased by 120, 22, 12, 11 and 6 
times (Vecchi et al., 2008). On 2nd January, 2005 the Victoria Advocate reported firework display 
on New Year celebration in México City “left a dense gray pall over much of city” and described 
the air as more polluted over a normal Saturday. Ozone level was reported to climb 190 on a scale 
with normal cut-off level of 100 (Victoria Advocate, 2005).

Studies about the air quality during such fireworks display have also been carried out in 
India. Attri and coworkers reported display of fireworks could produce ozone (O3), a strong and 
harmful oxidizing agent, at the ground level without the participation of NOX (Attri et al., 2001). 
In Thiruvananthapuram, India a study about the effect of firework display during Deepawali on 
the mass concentration of atmospheric black carbon reveals over 3 times increase compared to 
normal days (Babu and Moorthy, 2001). In Hisar, India a study about the short term variation 
in air quality during Deepawali reported 2 – 10 times increase in concentrations of PM10, TSP 
(total suspended particulates), NO2 and SO2 over a typical winter day (Ravindra et al., 2003). 
In Hyderabad, India a study of various metals in firework borne particles during Deepawali 
reported about 1091, 25, 18 and 15 times, respectively, increase in the concentrations of Ba, K, 
Al and Sr over a normal day (Kulshrestha et al., 2004). In Lucknow, India a study on different 
air pollutants during Deepawali revealed an average increase in PM10, SO2, NOX concentrations 
over pre-Deepawali period and a normal day by 2.49 and 5.67 times, 1.95 and 6.59 times, and 
1.79 and 2.69 times, respectively. The PM10 samples were further studied for trace metals like 
Ca, Fe, Zn, Cu, Pb, Mn, Co, Cr, Ni, Cd and their values were found to be higher than normal 
days and pre-Deepawali period except Fe (Barman et al., 2008). Similar short-term degradation 
in air quality of episodic nature has been observed in several studies at different urban locations 
of India carried out during Deepawali by Central and State Pollution Control Boards in recent 
years (CPCB, 2007).

The objective of the present study was set to monitor air quality parameters such as SPM, 
NRPM (non respirable particulate matter), PM10 or RPM (respirable particulate matter), PM2.5 
or FPM (Fine Particulate Matter), Sulfur Dioxide (SO2) and Nitrogen Dioxide (NO2) on and 
around the day of Deepawali in the year 2007. The results are compared with typical winter day 
concentration levels for the chosen parameters and with the ambient air quality standards. The 
probable health impact for observed short-term degradation in air quality is also estimated in 
terms of percentage increase in relative risk of mortality and morbidity.

2. Methodology
2.1 Site description 
Salkia (22º35′N, 88º21′E, 21 m above mean sea level), a densely populated residential area located 
at Howrah within the limits of Greater Calcutta (Kolkata) Metropolitan Area, was chosen as the 
monitoring site for the present study. Howrah is surrounded by a number of (about 30 000) small and 
medium scale industries such as coal and iron processing industries, iron foundries, re-rolling mills, 
chemical industries, etc. Different air pollutants in significant quantity are released in the atmosphere 
by these industries and automobiles. The city has been identified as one of the twenty-four critically 
polluted areas in the country by CPCB, India. Figure 1 shows the location of the sampling site.

The monitoring station was chosen on the terrace of a two-storied private building in a densely 
populated residential area, surrounded by small and medium scale industrial units.
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The terrace was chosen for sampling because the nearby houses have roof spaces which are 
generally used by the residents for firework display. In addition, this height can be considered as 
the respirable zone for people in 2-3 storey buildings.

2.2 Details of the monitoring work
The monitoring work was done for a total number of eight days spanned between November 7 
to 25, 2008 and divided into two segments. The first segment consisted of six consecutive days 
(two days before and three days after Deepawali, to assess the variation in air quality due to 
firecrackers during the Deepawali period. The second segment consisted of two days (eleventh 
and fifteenth day after Deepawali). It was included to obtain the base line concentrations of the 
air pollutants. 

The pollutant parameters measured during the study include different particulate species 

I N D I A
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Fig. 1. Location of the monitoring site.
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viz. SPM, NRPM, PM10, and PM2.5, and gaseous pollutants such as SO2 and NO2. Different 
meteorological parameters such as temperature, dew point, relative humidity, wind speed and 
wind direction are also recorded during the monitoring period on the monitoring days with one 
hourly resolution.

During Deepawali, fireworks are started at the evening. Therefore, a monitoring duration of 
8 hours were maintained on each monitoring day encompassing the peak period of firecracker 
display spanned from 5:00 pm evening to 1:00 am midnight (local time, LT). Thus the results show 
8-hourly averaged values for pollutant concentrations.

2.3 Instrumentation 
2.3.1 Sampling and analysis of particulates
Standard gravimetric method of high-volume sampling was used to measure the mass concentrations 
of SPM, NRPM, and PM10. The instrument employed was respirable dust sampler (RDS) 
(Envirotech, New Delhi, Model: APM-460) with provision for gaseous sampling (Envirotech, 
New Delhi, Model: APM-411). The operating flow rate of the machine is 0.8-1.2 m3 min–1 with 
minimum detectable concentration of 1µg m–3. 

Gravimetric method is also used for measuring the mass concentration of PM2.5. The instrument 
employed is fine particulate sampler (FPS) (Envirotech, New Delhi, Model: APM-550). The 
operating flow rate for the machine is 1m3 h–1 (± 5%), which separates particulates with larger 
diameter. The NRPM fraction (>10µm) is separated in the inlet surface of the machine. The particle 
fraction of 10 - 2.5 µm diameter is separated at an impactor surface of glass fibre filter (Whatman 
GF/A 37 mm dia) wetted with silicon oil. The PM2.5 fraction escaping the impactor is collected 
on a teflon membrane filter (Whatman of 47 mm dia). Dividing the difference between initial 
and final weights of the teflon membrane filter by the total volume of air sampled gives the mass 
concentration for PM2.5.

All gravimetric measurements are taken precisely in a digital balance (Mettler-Toledo, Model: 
AB 135-S, Precision: 0.01mg). 

2.3.2 Analysis of metals
The metal analysis for 13 metals and metalloids viz. Al, As, Ba, Ca, Cd, Cr, Cu, Hg, K, Mg, 
Na, Pb and Sn were done in the PM2.5 samples collected on the previous day of Deepawali 
(November 8, 2007) and the day of Deepawali (November 9, 2007). Nitric acid is used to digest 
the selected 47 mm dia. filters collecting PM2.5 on a hot plate. For each sample the digestion 
is continued to reduce the final volume of the sample to 2-3 mL. It is then filtered using filter 
paper (Whatman 42) and the filtrate is diluted using doubled distilled water to 25 mL. Similar 
samples are prepared for blank filter papers also. Each of the filtrates was then examined for the 
concentration of the mentioned metals by AAS (atomic absorption spectrophotometer: Varian, 
model: Spectra AA50). To get the final concentration results of the blank samples are subtracted 
from the exposed samples for each of the metals. 

The concentration of metals in the samples is then multiplied by the sample volume (i.e. 25 
mL) to get the mass of each metal in the samples. These values are subsequently divided by 
corresponding total volume of sampled air to get the concentration of metals in the sampled air.
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2.3.3 Sampling and analysis of SO2 and NO2

Colourimetric method is used for gaseous (SO2 and NO2) sampling. The instrument employed 
for gaseous sampling is APM-411 fitted and run simultaneously with APM-460 RDS. The 
impingers of 35 mL capacity were filled with appropriate absorbing reagents, i.e. potassium 
tetrachloromercurate (TCM) for SO2 and sodium hydroxide with sodium arsenite for NO2. Air is 
sucked through the absorbing reagents in the impingers at a flow rate of 1 L m–1. The reagents after 
reacting with the corresponding gases are analysed colorimetrically in the laboratory. SO2 was 
analyzed employing the modified West–Gaeke method on a spectrophotometer at a wavelength 
of 560 nm. NO2 was also analyzed employing the modified Jacob–Hochheiser method on the 
spectrophotometer at a wavelength of 540 nm. Colorimetric measurements were carried out in 
an UV-visible recording spectrophotometer (Make: Shimadzu, model: UV-2100). Chemicals 
(Merck, GR-Grade) along with demineralized (DM) water were used for preparation of all the 
reagents and the blanks.

2.3.4 Monitoring of meteorological parameters
All the meteorological parameters are measured and recorded employing a portable, automatic 
meteorological monitoring system named wind monitor (Envirotech, New Delhi, model: WM-251) 
with one hour resolution. 

2.3.5 Placement of monitoring instruments at the monitoring location
All the monitoring instruments, i.e. one APM-460 (for SPM, NRPM and PM10) with APM-411 
attachment (for SO2 and NO2), one APM-550 (for PM2.5) and the meteorological monitoring 
system were placed on the rooftop of the said building. To avoid mutual interference APM-460 
and APM-550 were placed 3m apart from each other in such a way to provide 120º conical open 
air space for both of them. The machines were also placed on 1m high wooden tables to avoid 
any obstruction caused by the 1m high parapet walls round the roof. The anemometer and the 
wind vane assembly connected to the meteorological monitoring system were kept on a 1.5 m 
high portable mast. 

2.4 Estimation of the probable health impact
In epidemiological studies, the health impact is generally measured in terms of ‘relative risk (RR)’. 
The term relative risk (RR) means the ratio of the risk estimates for the exposed (Pexposed) and control 
populations (Pnon-exposed) and represents the number of times that disease is more (or less) likely to 
occur in the exposed as compared with the unexposed group (WHO, 2006). It can be expressed 
by Eq. (1) as follows:

RR
P
exposed

Pnon−exposed
=  (1)

In order to estimate the health impact of the short-term degradation of air quality during 
Deepawali, results of existing epidemiological studies are utilized. Percentage increase in relative 
risk of mortality and morbidity due to short-term exposure to increased level of air pollutant 
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concentrations is used as the evaluating parameter for health impact. The values for such increases 
in RR of mortality and morbidity are collected and averaged for specified increase in pollutant 
concentrations. The average increase in pollutant concentration (PolConcChange) in Salkia, for each 
monitoring day over the baseline concentration, is multiplied by the average values of increase in 
RR of mortality and morbidity (RRIncrease_Avg) in estimating the percentage increase in RR of 
mortality and morbidity (Percent_RRIncrease) for Salkia as shown in Eq. (2). The said increments 
in RR and the related statistical distributions are obtained by conducting Monte Carlo’s simulation 
using ‘Goldsim’ Software.

Percent_RRIncrease = PolConcChange x RRIncrease_Avg (2)

3. Results and discussion
The meteorological parameters recorded at an hourly resolution during the monitoring period 
on the monitoring days and the average values with mean and standard deviation are presented in 
Table I. The data shows that meteorology remained more or less the same during two segments of the 
monitoring (i.e. six consecutive days during Deepawali and two days sufficiently after Deepawali) 
and was not likely to produce any significant influence on the variation in air quality. During the 
monitoring period (i.e. evening) the weather was a little hazy or misty. The sky remained more or 
less clear with a few scattered clouds sometime. As per Pasquill stability class, local atmosphere 
remained moderately stable (F) to strongly stable (G) (Turner, 1994). The prevalent wind directions 
were recorded to be N and NNE. 

Table I. Meteorological parameters recorded during the monitoring period.

Meteorological 
parameters

Date

Before Deepawali Deepawali After Deepawali

7
Nov

8
Nov

9
Nov

10
Nov

11
Nov

12
Nov

21
Nov

25
Nov

Minimum 
temperature (ºC)

23 24 23 24 21 19 18 18

Maximum 
temperature (ºC)

31 29 28 29 29 29 28 28

Average 
temperature (ºC)

26.07
± 2.46

26.00
± 2.00

25.22
± 1.62

26.95
± 2.56

27.37
±3.57

24.62
± 4.65

23.61
± 5.14

23.95
± 5.05

Dew point (ºC) 24.95
± 0.52

24.86
± 0.48

22.42
± 0.64

21.21
± 0.95

19.77
± 1.60

16.81
± 1.97

15.83
± 1.86

16.98
± 1.78

Relative
humidity (%)

81.22
± 9.23

83.86
± 12.54

85.67
± 8.52

79.56
± 11.54

74.11
± 11.99

67.75
± 10.33

63.38
± 11.45

66.22
± 11.12

Wind speed
(km/h)

6.16
± 0.42

6.17
± 0.37

6.33
± 0.47

7.50
± 1.96

7.40
± 1.11

7.91
± 1.92

7.45
±1.49

6.96
±0.88

Wind direction N N NNE N NNE N N NNE
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Results of the monitoring work for all the eight days spanned between 07.11.2007 to 25.11.2007 
are presented in Table II. 8-hourly average concentrations of different particulate species (i.e. SPM, 
NRPM, PM10, and PM2.5) and gaseous pollutants (i.e. SO2 and NO2) are presented. Intercorrelations 
of the monitored pollutants are calculated and the correlation matrix (for Pearson correlation co-
efficient) is presented in Table III. 

The percentage increase in RR of mortality and morbidity due to short-term exposure to 
increased concentration of PM10 and PM2.5 is studied by many researchers and the values are well 
documented (Levy et al., 2000; Steib et al., 2002, 2003; Dominici et al., 2003; Katsouyanni et al., 
2003; Anderson et al., 2005; COMEAP, 2006; Analitis et al., 2006). Pope and Dockery (2006) made 
a review on all such studies. The averages of the said studies are calculated and presented in Table 
III. The distributions are assumed to be normal and used into the simulation model described in 
Equation (2) to calculate the percentage increase in RR of mortality and morbidity, due to increase 
in short-term exposure levels of PM10 and PM2.5 concentration on Deepawali for Salkia.

Table II. Ambient concentration of air pollutants in the monitoring location recorded during the monitoring 
period.

Day Pollutant concentrations (µg/m3)

SPM NRPM PM10 PM 2.5 SO2 NO2

Before 
Deepawali

07.11.07 642.92 59.18 583.74 485.45 9.72 90.08
08.11.07 607.63 133.22 474.41 290.79 10.65 81.20

Deepawali 09.11.07 2321.80 84.55 2237.25 1199.74 12.30 97.54

After 
Deepawali

10.11.07 834.67 58.91 775.76 575.68 11.37 81.85
11.11.07 627.96 66.00 561.96 379.40 9.94 83.10
12.11.07 - - - 235.22 - -
21.11.07 589.02 87.12 501.90 306.18 9.94 79.65
25.11.07 360.09 47.67 312.42 224.22 7.09 76.85

24-hour residential standard 
as per NAAQS (CPCB) 
(*NAAQS-EPA)

200.00 - 100.00 35.00* 60.00 60.00

Table III. Average estimate of increase in relative risk of mortality and morbidity from different 
epidemiological studies (source: Analitis et al., 2006; Anderson et al., 2005; COMEAP, 2006; Dominici et 
al., 2003; Katsouyanni et al., 2003; Levy et al., 2000; Pope and Dockery, 2006; Seaton et al., 1995; Steib 
et al., 2002).

Particulate species Type of health impact Increment in short-
term exposure (µg/m3)

Average percentage
increase in RR 

(mean with S. D.)

PM10 Cardiovascular mortality 20 1.30 ± 0.62
Respiratory mortality 20 1.15 ± 1.06
Cardiovascular morbidity 20 1.82 ± 0.58

PM2.5 Cardiovascular mortality 10 1.10 ± 0.44
Respiratory mortality 10 1.40 ± 1.13
Cardiovascular morbidity 10 0.78 ± 0.30
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Results obtained for each of the pollutants will be discussed separately in the subsequent sections 
along with their probable health effects.

3.1 Particulate matters
The percent increases of particulates in Deepawali are presented in Fig. 2. Particulates, namely 
SPM, NRPM, PM10 and PM2.5 have increased considerably in Deepawali. The PM10 and PM2.5, 

which have greater impacts on health, have been found to increase by more than 6 and 4 times, 
respectively, over the baseline levels. For PM10, the NAAQS of India has been exceeded by about 
21 times. There is no Indian standard for PM2.5. However, the US EPA standard for PM2.5 has been 
exceeded by more than 33 times. 
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Fig. 2. Percentage increase in relative risk in mortality and morbidity due to increment in PM10 
concentration in Salkia.
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High concentrations of SPM, PM10 and PM2.5 in Deepawali, as well as higher correlations among, 
these as observed in Table IV seem to indicate the fireworks as the main emission source. No such 
correlations and concentration variation is observed for the coarser NRPM fraction. It indicates 
sources other than the fireworks as the main contributor for NRPM. In other words, fireworks are 
the major sources for the harmful finer particulates in Deepawali.

3.1.1 Health impact for particulate matters 
The exposure to particulate matter is reported to have caused chronic respiratory and cardio-
vascular diseases, alter host defense, damage lung tissue, lead to premature death and contribute 
to cancer (Seaton et al., 1995; Bates, 1996; Pope et al., 2002). Particles with aerodynamic 
diameter less than 10µm (PM10) only can be respired to reach to the lungs. Even finer fractions 
popularly known as fine particulate matter (FPM), with aerodynamic diameter less than 2.5µm 
(PM2.5), can penetrate the lungs further to alveolar level and can aggravate the problem even more 
(Dominici et al., 2006; Pope et al., 2006). Recent epidemiological studies clearly establish the 
relation between the harmful effects on human health and mortality with increased concentration 
of atmospheric particulates (Dockery et al., 1993; Schwartz, 1993; Levy et al., 2000; Steib et 
al., 2002, 2003; Dominici et al., 2003; Katsouyanni et al., 2003; Pope et al., 2004; Anderson 
et al., 2005; Chen et al., 2005; Analitis et al., 2006; COMEAP, 2006; Pope and Dockery, 2006; 
Torén et al., 2007). 

The probable health impact for this short-term acute increase in particulate concentrations in 
Deepawali is estimated through Monte-Carlo’s simulation. The simulation was run for ten thousand 
times in each case. The histograms of the estimated percentage increase in RR of cardiovascular 
mortality, respiratory mortality and cardiovascular morbidity for the increase in PM10 concentration 
in Deepawali over the baseline value, that is the concentrations on 25.11.2007, is presented in 
Figure 3(a-c). In Figure 3d, the trend of percentage increments of RR is presented.

Table IV. Ambient concentration of different metals in PM10 and PM2.5 samples 
collected during the monitoring period.

Sample collected in PM10

Date 7 Nov 9 Nov

Metal concentration
(µg/m3)

Ba 11.000 624.000
Pb 7.000 104.000
Cu 2.000 158.000
Cd 0.060 1.000
Hg 0.010 0.120
Na 0.24 BDL
K BDL BDL

Mg BDL BDL
Ca BDL BDL
As BDL BDL
Cr BDL BDL
Sn BDL BDL
Al 0.000099 0.00062

BDL: below detection limit.
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The histograms of the estimated percentage increase in RR of cardiovascular mortality, 
respiratory mortality and cardiovascular morbidity for the increase in PM2.5 concentration on the 
day of Deepawali over the baseline value, that is the concentrations on 25.11.2007, is presented 
in Figure 4(a-c). In Figure 4d, the trend of percentage increments of RR during the monitoring 
period is presented. 

3.2 Sulfur dioxide and nitrogen dioxide
The gaseous pollutants SO2 and NO2 gradually increased to peak values in Deepawali and 
thereafter decreased to baseline level that is the concentrations on 25.11.2007. The percentage 
increase in concentrations over baseline and 24 hour NAAQS, India standards are reported in 
Figure 5(a-b). The percentage increments over baseline concentrations are observed to be more 

Fig. 3. Percentage increase in relative risk in mortality and morbidity due to increment in PM2.5 
concentration in Salkia.
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pronounced in SO2 than that of NO2. However, the SO2 level remained much lower than that 
prescribed in 24 hour standard for residential areas. The NO2 concentrations, on the other hand, 
are found to be slightly higher than the 24 hour standard for residential areas during the first 
segment of the study and just complying it during the second segment as observed in Figure 5. 
Since the SO2 and NO2 levels are within the prescribed NAAQS, India standards the probable 
health effects have not been estimated. 

The temporal variations of SO2 and NO2 are found to be correlated with SPM, PM10 and PM2.5 
indicating that these sources are probably from the fireworks. The high baseline concentration of 
NO2 on the baseline date that is the 25.11.2007 does suggest alternate source of NO2 in the locality, 
possibly the emission from automobiles in the nearby roadways. 

Fig. 4. Trend of variation in SO2 and NO2 concentration 
during the monitoring period.
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3.3 Metals
Concentrations of 13 metals and metalloids viz. Al, As, Ba, Ca, Cd, Cr, Cu, Hg, K, Mg, Na, Pb 
and Sn were measured in the PM2.5 samples collected on the previous day of Deepawali (08.11.07) 
and on the day of Deepawali (09.11.07). Some of the metals viz. Hg, Na, K, Mg, Ca, As, Cr, Sn, 
Al were below detectable limits. The remaining results are shown in Table V.

Similar studies were carried out in Hyderabad (Kulushrestha et al., 2004) and Lucknow (Barman 
et al., 2008) during Deepawali. However, both the studies reported metal concentrations in coarser 
fraction of particulates (PM25 in Hyderabad and PM10 in Lucknow) unlike the present study where 
concentrations have been reported in the finer fraction of PM2.5. The PM2.5 has been selected in the 
study because of its serious impact on public health. Since the particulate sizes are different the results 
are not truly comparable. The percentage increase of the Deepawali concentration of metals like Ba, 
Pb, Cu, Cd and Hg over the previous day concentrations as obtained from these studies along with 
the present study are shown in Figure 6 for comparison. The percentage increase is presented in 
logarithmic scale to fit the findings appropriately. 

The order of concentration of metals on the Deepawali is reported in Table VI for these studies 
for comparison. Metals like Na, K, Mg, Ca, As, Cr and Al, which were found in high concentration 

Table V. Metals in particulate samples of PM2.5 collected in Salkia.

Dates 8 Nov
(Previous day)

9 Nov
(Deepawali)

Increased %

Metal concentration
(µg/m3)

Ba 11.000 624.000 5572
Pb 7.000 104.000 1385
Cu 2.000 158.000 7800
Cd 0.060 1.000 1566
Hg 0.010 0.120 1100
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in the coarser fraction of particulates in Hyderabad and Lucknow, are found to be below detectable 
limit in the finer fraction during the present study. It seems to suggest that metallic species from 
fireworks should be classified under different size categories.

3.4 Comparison of the results with similar studies
Similar air quality studies have been carried out during Deepawali in Hisar (Ravindra et al., 2003) 
and Lucknow (Barman et al., 2008). These studies have reported similar patterns of deterioration of 
short-term air quality. Results of the present study are compared with these studies for SPM, PM10, 
SO2 and NO2. In order to normalize the results of different studies concentrations of pollutants in 
Deepawali for each study are considered as 100% and other concentrations are calculated as its 
fraction. The results are presented in Figure 7(a-d). 

It may be observed in Figure 7 (a and b) that the percentage rise of particulates in Deepawali 
over a normal day is pronounced for Salkia than that of Hisar or Lucknow. The graphs in Figure 
7(c and d) indicate that concentration rise of SO2 and NO2 in Deepawali over a normal day are 
least pronounced in Salkia than that of Hisar or Lucknow. 

The present and similar studies, namely Hisar (Ravindra et al., 2003) and Lucknow (Barman et 
al., 2008) consistently indicate acute short term increase of particulate matter in Deepawali. Inter-
correlations of the monitored pollutants for these studies are calculated and the correlation matrix 
(for Pearson correlation coefficient) is presented in Table VII. The findings seem to suggest that 
the temporal variations of particulate levels are correlated in all Deepawali studies. The similarities 
among the studies tend to establish the fact that acute increase of particulates in Deepawali is not 
just an isolated event in the test site but a phenomenon of urban India.

The meteorological factors have substantial impacts on ambient concentrations. In Deepawali 
season, calm condition generally prevails in India that causes to aggravate the air quality status. 
For example, the meteorological factors of the present study along with the three referred studies 
are presented in Table VIII which indicates more or less calm conditions in all sites.

The particulate concentrations observed in Deepawali are of episodic scale. The US EPA 
originally suggested 1000µg/m3 as the threshold of episodic condition (USEPA, 1971) that is further 
reduced lately (RIDEM, 2003). The present as well as the referred studies indicate that episodic 
limit set by US EPA is routinely breached during Deepawali festival.

4. Conclusion
Concentrations of pollutants such as SPM, RPM or PM10, FPM or PM2.5, SO2, NO2 are monitored 

Table VI. Order of concentration of metals on Deepawali observed in various studies.

Study Metals

Hyderabad (2002) K>Al>Ba>Mg>Fe>Sr>Na>Ca>Cu>Mn>As>V>Ni>Bi
Salkia (2007) Ba>Pb>Cu>Cd>Hg>Na*, K*, Mg*, Ca*, As*, Cr*, Sn*, Al*
Lucknow (2005) Ca > Fe >Zn > Cu > Pb > Mn > Co > Cr > Ni > Cd

* Concentrations were below detectable limit



361Fireworks air pollution in India

during the celebration of Deepawali festival in a densely populated residential area in Salkia, 
Howrah, India, for assessing the air quality impacts of fireworks. The samplings were conducted 
for six consecutive days during Deepawali and two days after Deepawali. All the pollutants showed 
similar variation pattern during the monitoring period. The concentrations increased steadily to the 
peak on Deepawali and declined thereafter. The comparisons of metals with other studies indicate 
the need for further investigations in the finer PM2.5 range.

The temporal variation is similar to other studies conducted in Deepawali suggesting that the 
problem is rampant in urban India. The peak concentrations of particulates exceeded the NAAQS, 
India 24 hour standard. The concentrations actually exceeded the threshold limits of episodic 
condition as specified in US EPA. The SO2 concentration remained below the 24 hour residential 
standard and NO2 concentration was found to be slightly higher than the same. 

Short term exposure to such episodic levels of pollutants is likely to cause acute health effects 
to exposed individuals. The RR of cardiovascular mortality was found to increase by as high as 
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125.11% and the same for cardiovascular morbidity was found to be 175.16% over a normal winter 
day. In the present study, the RR of mortality and morbidity is obtained from epidemiological 
studies conducted in USA, where average ambient temperature is lower. The utilities of these values 
might be of limited use in the present circumstances. Further research is required for validation 
of dose response relationship in a tropical country like India. Appropriate epidemiological studies 
like hospital admission rate during celebration may be carried out for studying the impact. Further 
studies on control measures for firework display during such celebrations are necessary to reduce 
the probable health hazards. 

The base line concentrations of SPM, PM10 and PM2.5 at the monitoring location as observed on 
a typical winter day were also quite high compared to respective NAAQ, India 24 hours residential 
standards. It indicates violations of general air quality standard in Salkia which is a different issue 
that needs to be also addressed. 

Table VII. Correlation among the monitored pollutants in Hisar, Salkia and Lucknow.

PM10

(Hisar)
PM10

(Salkia)
PM10

(Lucknow)
SO2

(Hisar)
SO2

(Salkia)
SO2

(Lucknow)
NO2

(Hisar)
NO2

(Salkia)
NO2

(Lucknow)

PM10

(Hisar) 1.0000
PM10

(Salkia) 0.9587* 1.0000
PM10

(Lucknow) 0.9932* 0.9855 1.0000
SO2

(Hisar) 0.9635* 0.9857** 0.9965* 1.0000
SO2

(Salkia) 0.8642 0.7215 0.8962 0.6988 1.0000
SO2

(Lucknow) 0.9922* 0.9162 0.9709 0.9476 0.9764 1.0000
NO2

(Hisar) 0.7579 0.6861 0.986 0.6004 0.9209* 0.9972* 1.0000
NO2

(Salkia) 0.9827** 0.991** 0.999* 0.9951** 0.7614 0.9589 0.6762 1.0000
NO2

(Lucknow) 1.0000** 0.9562 0.992* 0.9781 0.945 0.9934* 0.9992* 0.9852 1.0000

* Correlation is significant at 0.05 level, ** Correlation is significant at 0.01 level

Table VIII. Meteorological stability condition in different Indian cities during Deepawali.

Study Deepawali date Wind speed
km/hr

Stability class Data source 

Hisar 07.11.1999 3.6 G (Strongly stable) Ravindra et al., 2003
Hyderabad 04.11.2002 16.8 E (Slightly stable) http://freemeteo.com
Lucknow 01.11.2005 7.1 G (Strongly stable) http://freemeteo.com
Salkia 09.11.2007 6.33 G (Strongly stable) Measured in the present study
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