
Journal of Environmental Biology  �September, 2009 �

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

Fine particles (PM
2.5
) in ambient air of Lucknow city due to

fireworks on Diwali festival

S.C. Barman*1, Ramesh Singh1, M.P.S. Negi2 and S.K. Bhargava1

1Environmental Monitoring Section, Indian Institute of Toxicology Research, M.G. Marg, Lucknow - 226 001, India
2Biometry and Statistics Division, Central Drug Research Institute, M.G. Marg, Lucknow -226 001, India

(Received: August 11, 2007; Revised received: March 29, 2008; Accepted: April 05, 2008)

Abstract: People burn crackers world over on different occasions in different countries to express their happiness. Fireworks in large

amounts aggravate the level of air pollutants and cause significant short-term air quality degradation with possible impact on human health.

Fine particles (PM
2.5 
<2.5 µm), which may pose detrimental effects on human health and ecosystems were monitored in a residential area

of Lucknow city to assess the elevated level due to bursting of firecrackers during Diwali festival. The 24 hr mean PM
2.5 
of normal day, pre

Diwali day, Diwali day and post Diwali day was found to be 124, 154, 352 and 174 µg m-3 respectively and much above the US-EPA limit

(65 µg m-3). The 12 hr mean concentration of PM
2.5 
on Diwali night (591  µg m-3) increased 3.9 fold than the respective night of normal day

(159  µg m-3) and was significantly higher (p<0.01) than normal day  and pre and post Diwali night. Mean comparison showed that Diwali

day was significantly (p<0.01) different from others (except post Diwali day) and for this high accumulation during night time, after fireworks

(suspension) was found to be more responsible than the period of lighting of crackers (formation). This study indicated that there is high

accumulation of PM
2.5 
generated due to fireworks on Diwali festival which remains suspended in the air for upto 20 hr. During this period,

extra mass burden of 289 µg m-3 equivalent to 1.9 normal day (of this study) was imposed in the environment. The short-term high

accumulation of PM
2.5 
is a matter of serious concern for city dwellers as it can penetrate deep into the lungs and cause many respiratory

and cardiovascular diseases.
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Introduction

Diwali (Deepavali) is the festival of lights and is celebrated

with great enthusiasm all over India every year with bursting of

crackers as the most prominent activity of Diwali. There are few

reports regarding the firework emitted trace gases and particulate

matters (PM) including metals into the atmosphere, which causes

generation of dense clouds of smoke, concentration of which depends

on the composition of sparklers and crackers. Generally crackers

contains potassium nitrate, charcoal, sulphur, potassium and trace

elements, which severely affects environment as well as human

health (Hirai et al., 2000; Ravindra et al., 2003; Kulshrestha et al.,

2004; Drewnick et al., 2006; Tripathi and Gautam, 2007; Dwivedi

et al., 2008).

Bach et al. (1975) found that firework activities on New

Year’s eve in Oahu was responsible for an increase in TSPM

by an average of 300% at 14 locations and by about 700% in

the lung penetrating size range at one location.  Ravindra et

al. (2003) reported that fireworks lead to short term variation

in air quality and observed 2 to 3 times increase in PM
10
 and

TSPM concentrations in Hisar city (India) during Diwali festival.

Kulshrestha et al. (2004) reported high level of different trace

elements in ambient air of Hyderabad, (India) which was due

to fireworks during Diwali festival. Attri et al. (2001) observed

formation of ground level O
3
 due to burning of colour emitting

sparklers in Delhi (India) during Diwali festival. Wang et al.

(2007) also reported higher level of air pollutants like SO
2
,

NOx, PM
2.5
, PM

10
 in the ambient air of Beijing (China) and

estimated five times higher levels for primary components of

Ba, K, Sr, Cl-, Pb, Mg and secondary components of C
5
 H

6
O
4
2-,

C
3
H
2
O
4
2-, C

2
O
4
2-, C

4
H
4
O
4
2-, SO

4
2-, NO

3
- during fireworks of

lantern days than on normal days. Moreno et al. (2007)

reported spectacular increase in particulate matter SO
2
, NO

x

and metal concentration in ambient air during firework display

in Spain.

During the same period (Diwali festival) we have monitored

air pollutants and trace elements associated with PM
10
 in the

ambient air at four different locations of Lucknow city and found 24

hr mean of PM
10
, SO

2
 and NOx were 753, 139 and 107 µg m-3

respectively which were 5.7, 6.6 and 2.7 times higher than the

normal day. The trace elements Cu, Co, Ni, Cr and Cd were

found to be significantly associated with fireworks (Barman et al.,

2008a).

In general, PM (Particulate matter) is a complex mixture of

elemental and organic carbon, ammonium, nitrates, sulphates,* Corresponding author: scbarman@yahoo.com
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mineral dust, trace elements and water. Fine particles are one of the

most important components of PM due to their properties and

ubiquitous presence in the atmosphere (Hueglin et al., 2005; Salve

et al., 2007;  Singh et al.,  2008).  Fine particles which are very

small in size generally have long residence time in the atmosphere

and tend to spread over a large geographic region and thus exert

the greatest effect on vegetation and ecosystems by virtue of the

mass loading of its chemical constituents and vegetation (Grantz et

al., 2003).

Health effects of particulate matters, are well documented.

Exposure to short-term traffic pollution can trigger heart attacks.  A

German study reported that non fatal heart attacks due to risk of

myocardial interaction increases 2.9 times more within one hour

of exposure to traffic (Peters et al., 2004). Dockery et al. (1993)

and Pope et al. (1995) reported that an increase of 10 µg m-3

PM
2.5
 (as annual average) was associated with a relative risk for

total mortality of 1.14 and 1.07% respectively.  The high level of

PM
2.5
 increased sensitivity in asthmatic people. In India, 30 to

40% increased cases of wheezing, respiratory diseases,

exacerbation of the bronchial asthma and bronchitis patients of all

age and sex groups, irrespective of a family history of asthma or

not, are reported during the Diwali festival (Clark, 1997).  Hirai et

al. (2000) found that inhalation of smoke from fireworks causes

cough, fever, and dyspnoea and leads to acute eosinophilic

pneumonia (AEP).

In general, the effect of fine particles on human health

depends on their size, shape and number and mass concentration

and also on the chemical composition. Particles smaller than 10 µm

may reach the pulmonary alveoli and accumulate there. A consensus

has been reached regarding adverse health impact of PM
2.5 
(WHO,

2003; Peters et al., 2001). Ultrafine particles (PM
0.1
) may even

pass directly into the blood circulation and have vascular effects

(Nemmar et al., 2002; Maitre et al., 2006). Experimental and clinical

studies in man have shown that particles cause an inflammatory

reaction of the lung which is related as much to their physical

parameters as to the oxidative stress generated by organic and

metallic compounds absorbed onto their surface (Donaldson et al.,

2001; Salvi et al., 1999). These compounds may then trigger a

cascade of reactions; initial local production by macrophages and

activated alveolar cells of pro-inflammatory cytokines, such as

interleukin-6 (Van Eeden et al., 2001) and increased expression of

endothelin (Bouthittier et al., 1998; Maitre et al., 2006).

A disturbance of the cardiac autonomic nervous activity

due to harmful mechanism of a particular pollution  is associated with

decreased heart rate variability (Gold et al., 2000; Liao et al.,

1999), elevated pulse rate (Pope et al., 1999) and increased

incidence of cardiac arrhythmia (Peters et al., 2000). The relevance

of these alveolar particles, which are mainly responsible for

cardiovascular and respiratory diseases (Maynard and Kuempel,

2005; Curtis et al., 2006) are increasing in importance to

governments, regulators and research personnel due to their

potential impact on human health and ecosystems.

Lucknow, the capital of Uttar Pradesh, situated in northern

India with a population of 2.2 millions, (2001census) lies between

260 52’N Latitude and 800 56’E Longitude at 128 m above sea

level. Vehicular traffic is the major source of air pollution in

Lucknow city (Sharma et al., 2006). Recently we have reported

(Barman et al., 2008b) that PM
2.5 
level in Lucknow city is greatly

influenced by vehicular emissions and increases with increasing

activity of vehicular population. We found significantly (p< 0.01)

higher levels of  PM
2.5  
on

 
weekdays than on weekend. There is

no published data regarding PM
2.5
 level in ambient air during

festival days of Lucknow city. Maximum quantity of crackers and

sparklers are burnt mainly on Diwali day followed by day before

Diwali and day after Diwali. In India, there are legal controls on

use of fireworks; according to which citizens can burn firecrackers

only from 6 to 10 PM. In order to determine the effects of fireworks

on PM
2.5
, 4 days, 24 hr continuous  monitoring of PM

2.5
 was

conducted in Vikas Nagar, a residential area of Lucknow city

during Diwali festival (30th October to 2nd November, 2005).

Materials and Methods

Monitoring of PM
2.5
:  The monitoring of fine particles was carried

out by the Haz-Dust, Environment Particulate Air Monitor (EPAM-

5000), which is a high sensitivity (1 to 2000 µg m-3) instrument,

manufactured by Environmental Device Corporation, USA. The

real time particulate monitor designed for ambient environment

and indoor air quality applications is based on the principle of

forwarding the scattering of an infrared light source position at 90-

degree angle from a photo detector. The airborne particles enter

the infrared beam, scatter the light and the amount of light received

by the photo detector is directly proportional to the aerosol

concentration.

To know the effect of ‘Diwali episode’, 24 hr continuous

monitoring of PM
2.5
 was done in Vikas Nagar in 2005 on 30th

October (two days before Diwali), 31st October (day before Diwali),

1st November (Diwali day) and 2nd November (day after Diwali).

For simplification, we named these days respectively as “normal

day”, “pre Diwali day”, “Diwali day” and “post Diwali day”. The

Haz-Dust was adjusted to record single data per minute. For each

day per minute data was recorded over a 24 hr period from 6 to 6

AM. We simplified the data by taking hourly average, which consist

approximately 50-60 data points. Thus, for each day, total 24 data

points were obtained.  Data points of each day were again subdivided

into two equal halves, the first half of 12 data points (6 AM to 6 PM)

was named as “day time” and second half of 12 data points (6 PM

to 6 AM) as “night time”.

626



Journal of Environmental Biology  �September, 2009 �

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

Fine particles in ambient air on Diwali festival

Table - 1: Comparison between days for each hour by Newman Keuls test

Comparisons 11 PM 12 PM 1 AM 2 AM 3 AM 4 AM

Normal day vs. Pre Diwali day ns ns ns ns ns ns

Normal day vs. Diwali day ** ** ** ** ** ns

Normal day vs. Post Diwali day ns ns ns ns ns ns

Pre Diwali day vs. Diwali day * * * ** ** ns

Pre Diwali day vs. Post Diwali day ns ns ns ns ns ns

Diwali day vs. Post Diwali day ns ns * ** * *

ns = Not significant (p>0.05), * = Significant (p<0.05), ** =  Significant (p<0.01)

Statistical analysis: Data was analysed by one and two

factor analysis of variance (ANOVA) and significance from

ANOVA was done by Newman Keuls Post hoc test (pair-wise

comparison of mean). Mean comparison was also done by

Student’s t-test. All statistical analysis was performed on

transformed data (log
10
). Interpretation and graphical

representation was done on actual data. A two-tailed (α=2)

probability (p) value less than 0.05 (p<0.05) was considered

to be statistically significant.

Results and Discussion

Hourly concentration: The 24 hr (6 - 6 AM) 2 hourly PM
2.5

concentrations (µg m-3) of all four days are shown graphically

by Fig. 1. Irrespective of festival activities all four days show

similar trend, low during day and high at night. All festival days

(pre Diwali day, Diwali day and post Diwali day) showed high

concentrations during night time than the normal day and showed

increases with increasing activities of fireworks i.e. high on Diwali

day followed by pre Diwali day and post Diwali day which

clearly indicated the contribution of fireworks and gradual

decrease after stopping suggests that their accumulation lasts

for a short period of time (Fig. 1). Comparison of mean, night

time mean PM
2.5
 of Diwali day showed a significant difference

level (p<0.05) f rom 11 PM - 4 AM than the respective

concentrations of other observed days (Table 1) and in rest of

the hours concentrations did not differ significantly (p>0.05)

(results not shown). Similar trend and sharp peaks especially

during night hours of all the observation days suggests that

there was less dispersion of particulates during the festival period

due to low wind conditions.

24 and 12 hr concentration: The 24 (6 - 6 AM) and 12 hr day

time (6 AM - 6 PM) and night time (6 PM - 6 AM) PM
2.5

concentrations of all four days are summarised in Table 2.  24 hr

mean PM
2.5
 of Diwali day was the maximum (352 µg m-3) followed

by post Diwali day (174 µg m-3), pre Diwali day (154 µg m-3) and

normal day (124 µg m-3).  Similarly, 12 hr day time mean

concentration of post Diwali day was the maximum (127 µg m-3)

followed by Diwali day (112 µg m-3), normal day (96 µg m-3)  and

pre Diwali day (83 µg m-3) and at night time it was maximum on

Diwali day (591 µg m-3) followed by pre Diwali day (225 µg m-3),

post Diwali day (221 µg m-3) and normal day (151 µg m-3). The

maximum concentration during night time of Diwali day shows the

day as affected the most by fireworks and maximum concentration

during day time of post Diwali day which is  a local holiday  also

suggests after effect of fireworks.

On comparison of  24 hr mean of PM
2.5 
(Fig. 2) of normal

day, pre Diwali day and post Diwali day, we observed more or less

similar  values but on  Diwali day  the values showed 2.8 and 2.3

times higher concentrations than the normal day and pre Diwali day

respectively and was found to be significantly (p<0.01) different.

The pre Diwali day and post Diwali day which showed an increase

of 24 and 40% respectively than the normal day was also affected

by the fireworks.

The 12 hr mean (Fig. 3) of all four days during day

time and night time did not differ significantly (p>0.05) except

night time of Diwali day which showed significantly (p<0.01)

high concentration than other nights. Comparison of  mean

between day time and night time, mean PM
2.5
 of all four days

during night time was found to be significantly (p<0.01) higher

than the respective day time.  Higher concentration during

night hours than the day hours was also reported in our

separate study in Lucknow city (Barman et al., 2008b). This

similar trend has also been observed by others (Laakso et al.,

2003; Freiman et al., 2006) in normal days. This variation is

probably due to the consequences of dilution process as well

as the thickening of urban boundary layers or decrease in the

atmospheric stability and increase in the vertical mixing height.

Furthermore, higher concentration during night hours in the

normal day is due to the concentration process caused by the

thinning of the mixing layer (Allegrini et al., 1994; Querol et

al., 2001; Freiman et al., 2006), due to increase of humidity

(Barman et al., 2008b).

Concentration during and after fireworks: Comparisons

showed that Diwali day was significantly different from others days

because of night time concentration. The night time (6 PM - 6 AM)

difference of all four days was further evaluated by comparing

concentrations during fireworks (6 - 10 PM) and after fireworks

(10 PM - 6 AM) and is summarised in Table 3.  Comparison

between during fireworks and after fireworks (Fig. 4), mean

PM
2.5 
of all four days did not differ significantly (p>0.05) except

Diwali day which showed significant ly (p<0.01) higher
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Table - 4: 20 hr (6 PM - 1 PM) PM
2.5
 (µg m-3) statistics* of pre Diwali day

fireworks and post Diwali day fireworks

Statistics
Pre Diwali day Post Diwali day

fireworks (n=20) fireworks (n=20)

Mean ± SD 133 ± 39 422 ± 331

Min 49 71

Max 184 963

Range 135 892

*Significant at p<0.01

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 2 2 2 4
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P o s t  D iw a li d a y

6  A M                                                                                             6  A M

Fig. 1:  24 hr (6 - 6 AM) 2 hourly PM
2.5
 (µg m-3) of normal day, pre Diwali

day, Diwali day and post Diwali day
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500
N o rmal d ay

Pre  Diwa li d ay
D iw a li d ay
Po s t  D iw a li d ay
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**

Fig. 2:  24 hr (6 - 6 AM) mean PM
2.5
 (µg m-3) of normal day, pre Diwali day,

Diwali day and post Diwali day. ns - Not significant (p>0.05),

** - Significant (p<0.01)

concentration after fireworks (745 µg m-3) than during fireworks

(284 µg m-3). Similarly, mean PM
2.5
 of all four days during

fireworks and after fireworks also did not differ significantly

(p>0.05) except after fireworks of Diwali day which showed

significantly (p<0.01) high concentration (745 µg m-3) than normal

day (152 µg m-3), pre Diwali day (221 µg m-3) and post Diwali

day (218 µg m-3).

48 hr concentration: The net effect of Diwali day (here after

festival day) was evaluated by comparing 48 hr (2 days, 6 - 6

AM) PM
2.5
 trend of pre Diwali day fireworks (normal day + pre

Diwali day) and post Diwali day fireworks (Diwali day + post

Diwali day) and is shown graphically by Fig. 5. On observation

of  48 hr concentration, post Diwali day fireworks trend showed

that concentrations slowly started rising  at 6 PM (18 hr) on

Diwali day when people generally start fireworks and increases

up to 10 PM (22 hr) when people generally stop fireworks. After

1 hr the concentrations reach maximum (963 µg m-3) at 11 PM

(23 hr) and then start to decrease gradually within the following

hours until they reach approximately pre Diwali day fireworks

levels around 1 PM (13 hr) of next day of Diwali day i.e. day

time of post Diwali day (Fig. 5). This suggests that accumulation

of PM
2.5 
in ambient air due to fireworks was for a short period of

time (20 hr) and we considered these 20 hr concentrations

(shaded area) as effect of fireworks (Fig. 5). The 20 hr

concentrations of pre Diwali day fireworks and post Diwali day

fireworks are summarised in Table 4. Comparison of mean PM
2.5

of  post Diwali day  fireworks (422 µg m-3) was found significantly

(p<0.01) higher than the pre Diwali day fireworks (133 µg m-3)

and the net effect i.e. mean difference (289 µg m-3) was found

equivalent to 1.9 normal day (152 µg m-3) of this study.

For estimation of mass and duration we have observed 48

hr trend and merged the data of normal day and pre Diwali day and

of Diwali day and post Diwali day. This type of merging may be

considered statistically as we have found 24 hr mean PM
2.5 
of

normal day and pre Diwali day and of Diwali day and post Diwali

day statistically the same. It was also considered while merging the

data that if fireworks in huge amount was not be burnt on Diwali day,

the 48 hr trend of post Diwali fireworks would also follow the same

trend as of pre Diwali fireworks.

In our separate study during November, 2005 ( Barman

et al., 2008b), reported 24 hr PM
2.5
 concentrations of a weekend

day (Sunday, 13th November) and weekdays i.e. Thursday (10th

November) and Wednesday (16th November) and their respective

mean were 76, 183 and 88 µg m-3 at same location i.e Vikas

Nagar.  The mean concentrations of all  days of this study were

higher while less in comparison to Thursday except Diwali day.

Mean PM
2.5
 of normal day (124 µg m-3) of this study which

happened on Sunday shows 1.6 times higher concentration than

the reported weekend Sunday (76 µg m-3) and may be influenced

Fine particles in ambient air on Diwali festival
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time (6 PM - 6 AM) of normal day, pre Diwali day, Diwali day and post

Diwali day. ns - Not significant (p>0.05), ** - Significant (p<0.01)
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Fig. 5: 48 hr (6 - 6 AM) hourly PM
2.5
 (µg m-3) of pre Diwali day fireworks

and post Diwali day fireworks

slightly by festival activities as lots of traffic movement and other

activities take place (such as cleaning of houses) during this period

but at the same time the maximum concentration during day time of

post Diwali day (221 µg m-3) even being a local holiday on that

day with least traffic with least activities showed after effect of

fireworks (Diwali night).

The concentrations of PM
2.5 
in air vary considerably

depending upon many factors including proximity to sources of

emissions (primary) and formation (secondary), comparisons and

hourly trend (Fig. 1, 5) of this study which suggests that during

Diwali festival the variations in primary concentrations may be due to

fireworks (episodal) rather than diurnal, and therefore probably

rather associated with synoptic scale transport than with local

emissions.  Thus it can be considered that during festival the main

impact on PM
2.5 
concentrations was mainly from fireworks while local

sources only complemented it.

For the first time, we were able to estimate the impact of

fireworks on fine particles in terms of mass (289 µg m-3) and duration

(20 hr). These resultants may be much more if compared with other

normal days (control day) as normal day of this study is influenced

slightly by festival activities and thus can not be considered as a

control day.

In our separate study (Barman et al., 2008a) during the

same period we have estimated air pollutants namely PM
10
, SO

2

and NO
x
 and 10 trace elements associated with PM

10
 at four

residential locations namely Gomti Nagar, Chowk, Aliganj   and

Alambagh which are 10-15 km apart from each other and situated

all the four direction i.e. east, west, north and south directions of

Lucknow city respectively. One of the locations, Aliganj is adjacent

(approximately 1.5 km) to the present monitoring location.

On Diwali night average concentration of four locations for

PM
10
, SO

2
 and NO

x
 were found to be 1206, 205 and 149 µg m-3

respectively. These concentration were 4.0, 2.8 and 2.3 times higher

than their respective daytime level and found to be significant

(p<0.01) when compared with day time concentration of pre Diwali

day. The 24 hr mean concentration of metals was found to be in

the order of Ca (3169.4) > Fe (747.2) > Zn (548.6 > Cu (454.0) >

Pb (307.5) > Mn (83.9) > Co (78.7) > Cr (42.1) > Ni (41.5) > Cd

(34.7) ng m-3. All these values were found to be higher than the

pre Diwali (except Fe) and normal day (concentration measured

during the month of May 2005; Sharma et al., 2006). The

concentrations of Co, Ni, Cr and Cd on Diwali night were found to

be significantly higher than daytime concentration for pre Diwali

day (control).

The nearest location Aliganj, the 12 hr concentration

during Diwali night were found to be PM
10
 =1632, SO

2
 = 223

and NOx = 144 µg m-3 and total mean concentration of 10 metals

were found 758 ng m-3 which was maximum among the four

locations.

So, the particulate matter contains high levels of metals

which are emitted from  fireworks besides high concentration of

other air pollutants. In our study area, Vikas Nagar showed

significantly higher level of  PM
2.5 
during Diwali night. The elevated

concentrations of all the metals are harmful to living being including

humans. Exposure can occur through a variety of routes;

inhalation of particles is one of the important routes. The high

concentration of fine particles in Lucknow city which is above the

prescribed limit (65 µg m-3) of US-EPA (1997) is itself a matter of

concern and addition of extra mass burden of fine particles
 
in the

environment due to fireworks is of serious concern as it may pose

more detrimental short-term and long-term effects on human health

and ecosystems.

In short, this study concluded that burning of crackers and

sparklers etc. (fireworks) on Diwali festival are a very strong

source of air pollution, which contributes significant amount of fine

Barman et al
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Fig. 4: Mean PM
2.5
 (µg m-3) during fireworks (6 - 10 PM) and after

fireworks (10 PM - 6 AM) of normal day, pre Diwali day, Diwali day and

post Diwali day. ns -Not significant (p>0.05), ** - Significant (p<0.01)
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particles (PM
2.5
) in ambient air and degrades air quality for 20 hr

and during this period extra mass (concentration) burden of 289

µg m-3 equivalent to 1.9 normal day (of this study) was imposed in

the local environment. The same may be expected on other areas

of Indian environment as Diwali festival is celebrated all over

India. Therefore we strongly suggest use of fireworks be

discouraged.

 Acknowledgments

We are thankful to Director, IITR for his encouragement

and support. We acknowledge Mr. Chander Prakesh, Mr. Tajuddin

Ahmed and Mr. Pradeep Shukla for their help during different phases

of work.

References

Allegrini, I., A. Febo,  A. Pasini and S. Schiarini:  Monitoring of the nocturnal

mixed layer by means of particulate radon progeny measurements.

J. Geophys. Res., 99, 18765 (1994).

Attri, Arun K., U. Kumar and V.K. Jain: Formation of ozone by fireworks.

Nature, 411, 1015 (2001).

Bach, W., A. Daniels, L. Dickinson, F. Hertlein, J. Morrow, S. Margolis and

V. Dinh: Fireworks pollution and health. Intern. J. Environ. Studies,

7, 183-192 (1975).

Barman, S.C., R. Singh, M.P.S. Negi and S.K. Bhargava: Ambient air quality

of Lucknow city (India) during use of fireworks on Diwali festival.

Environ. Monit. Assess., 137, 495-504 (2008a).

Barman, S.C., R. Singh, M.P.S. Negi and S.K. Bhargava: Fine particles

(PM
2.5
) in residential areas of Lucknow city and factors influencing

the concentrat ion. Clean Soil Air Water, 36, 111-117 (2008b).

Bouthillier,  L., R. Vincent, P. Geogan, I.Y. Adamson, S. Bjarnason, M.

Stewart,  J. Guenette, M. Potvin and  P. Kumarathasan: Acute

effects of inhaled urban part icles and ozone: Lung morphology,

macrophage act ivity and plasma endothelin-1. Am. J. Pathol . ,

1873-1884 (1998).

Clark, H.: Air pollut ion from fireworks. Atmos. Environ., 31, 2893-2894

(1997).

Curtis, L.,  W. Rea, P. Smith-Willis, E. Fenyves and Y. Pan:  Adverse

health effects of outdoor air pollutants. Environ. Intern., 32, 815-830

(2006).

Dockery, D.W., C.A. Pope, X.P. Xu, D.J. Spengler, H.J. Ware, E.M. Fay,

G.B. Ferris and E.F. Speizer: An association between air pollution

and morta lity in six US c it ies. New Eng. J. Med.,  329,  1753

(1993).

Donaldson, K., V. Stone, A. Seaton, W. MacNee: Ambient particle inhalation

and the cardiovascular system: Potential mechanisms. Environ Hlth.

Perspect., 109, 523-527 (2001).

Drewnick, F., S.S. Hings, J. Curtius, G. Eerdekens and J. Wil liams:

Measurement of fine particulate and gas-phase species during the

New Year ’s fireworks 2005 in Mainz, Germany.  Atmos Environ.,

40, 4316-4327(2006).

Dwivedi, A.K., B.D.Tripathi and Shashi: Effect of ambient air sulphur dioxide

on sulphate accumulation in plants. J. Environ. Biol., 29, 377-379

(2008).

EPA.: Revision to the national ambient air quality standards for particulate

matter, Final rule. Fed. Reg., 62, 38652-38760 (1997).

Freiman, M.T., N. Hirshel and D.M. Broday: Urban-scale variability of

ambient particulate  matter attributes. Atmos. Environ., 40, 5670

(2006).

Gold, D.R., A. Litonjua, J. Schwartz,  E. Lovett, A. Larson, B. Nearing, G.

Allen, M. Verrier, R. Cherry and R. Verrier: Ambient pollution heart

rate variability. Circulation, 101, 1267-1273 (2000).

Grantz, D.A., J.H.B. Garner and D.W. Johnson: Ecological effects of

particulate matter. Environ. Intern., 29, 213-239 (2003). 

Hirai, K., Y. Yamazaki, K. Okada, S. Furuta and K. Kubo: Acute eosinophilic

pneumonia associated with smoke from fire works. Inter.  Med.

(Japan)., 39, 401-403 (2000)

Hueglin, C., R. Gehrig, U. Baltensperger, M. Gysel,  C. Monn and H.

Vonmont: Chemical characterisation of PM
2.5
, PM

10
 and coarse particles

at urban, near-city and rural sites in Switzerland. Atmos. Environ.,

39, 637-651 (2005).

Kulshrestha, U.C. , T.N. Rao,  S. Azhaguvel and M.J.  Kulshrestha:

Emissions and accumulation of metals in the atmosphere due to

crackers and sparkles during Diwali  festival in India. Atmos. Environ.,

38, 4421-4425 (2004).

Laakso, L.,  T. Husseina, P. Aarniob, M.  Komppulac, V. Hiltunena,

Y.  V is anenc  and   M .  Kulmal a :  D iu r na l  and  annua l

characteristics of part icle mass and number concentrations in

ur ban,  r ura l  and ar c t i c  env i ronment s  in  F i n l and.  Atmos .

Envi ron. ,  37,  26-29 (2003).

Liao, D., J. Creason, C. Shy, R. Williams, R. Watts, R. Zweidinger:

Daily variation of particulate air pollution and poor cardiac autonomic

control in the elderly. Environ.  Hlth. Perspect. ,  107,  521-525

(1999).

Maitre, A., V. Bonneterre, L. Huilard, P. Sabatier and R. de. Gaudemartis:

Impact of urban atmospheric pollution coronary disease. European

Heart Journal, 27, 2275-2284 (2006).

Maynard, A.D. and D.K. Kuempel: Airborne nanostructured particles and

occupational health. J. Nanoparticle Res., 7, 587-614 (2005).

Moreno, T., X. Querol, A. Alastuey, M.C. Minguillon, J. Pey, S. Rodriguez,

J.V. Miro, C. Felis and W. Gibbons: Recreastional atmospheric

pollut ion episodes: Inhalable metalliferous particles from firework

displays. Atmos. Environ., 41, 913-922 (2007).

Nemmar, A., P.H. Hoet, B. Vanquickenborne, D. Dinsdale, M. Thomeer,

MF. Hoylaerts, H. Vanbilloen, L. Mortelmans and B. Nemery: Passege

of inhaled particvles into the blood circulation in humans. Circulation,

105, 411-414 (2002).

Peters, A., D.W. Dockery, J.E. Muller and M.A. Mitt lemean: Increased

particulate  air pollution and the triggering  of myocardial infarction.

Circulation, 103, 2810-2815 (2001).

Peters,  A., E. Liu, R.L. Verrier, J. Schwartz, B.R. Gold, M. Mittleman, J.

Baliff, J.A. Oh,  G. Allen, K. Monahan and D.W. Dockery: Air pollution

and incidence of cardiac arrhythmia. Epidemiology, 11, 11-17 (2000).

Peters, A.,  S. Von Klot,  M. Heier, I . Trentinaglia, A. Hormann and E.

Eichmann: Exposure to traffic and the onset of mycocardial infarction.

N. Engl. J. Med., 352, 1721-1730 (2004).

Pope, C.A., M.J. Thun, M.M. Namboodiri,  D.W. Dockery, J.S. Evans,

F.E. Speizer and C.W. Heath: Particulate air pollution as a predictor

of mortality in a prospective study of US adults. Am. J. Resp. Crit.

Care Med., 151, 669 (1995).

Pope, CA. III, D.W. Dockery, R.E. Kanner, G.M. Villeges and J. Schwartz:

Oxygen saturation, pulse rate and particulate air pollution. Am. J.

Respir. Crit. Care Med., 159, 365-372 (1999).

Querol, X., A. Alastuey, S. Rodriguez, F. Plana, R. Carmen, N. Cots, G.

Massague and O.  Puig:  PM
10
 and PM

2.5 
source apportionment in the

Barcelona metropolitan area, Catalonia, Spain. Atmos. Environ., 35,

6407 (2001).

Ravindra, K., S. Mor and C.P. Kaushik: Short-term variation in air quality

associated with firework events: A case study. J. Environ. Monit.,

5, 260-264 (2003).

Fine particles in ambient air on Diwali festival 631



Journal of Environmental Biology  �September, 2009 �

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

O
n
lin
e
 C
o
p
y

Salve, P.R., R.J. Krupadam and S.R. Wate: A study on major inorganic ion

composition of atmospheric aerosols. J. Environ. Biol., 28, 241-244

(2007).

Salvi S., A. Blomberg, B. Rudell,  F. Kelly, T. Sandstrom, S.T. Holgate

and A. Frew:  Acute inflammatory responses in the airways and

peripheral blood after short-term exposure to diesel exhaust in

healthy human volunteers. Am. J. Respir. Crit. Care Med.,  159,

702-709 (1999).

Sharma, K., R. Singh, S.C. Barman, D. Mishra, R. Kumar, M.P.S. Negi,

S.K. Mandal,  G.C. Kisku, A.H . Khan, M.M. Kidwai  and S.K.

Bhargava:  Comparison of trace metals concentration in PM
10
 of

different location of Lucknow city. Bull. Environ. Contam. Toxicol. ,

77, 419-426 (2006).

Singh, R ., S.C . Barman,  M.P.S. Negi  and S.K.  Bhargava: Meta ls

concentration associated with respirable  particulate matter (PM
10
) in

industrial area of eastern U.P. India. J. Environ. Biol., 29, 63-68

(2008).

Tripathi, A.K. and Mukesh Gautam: Biochemical parameters of plants as

indicators of air pollution. J. Environ. Biol., 28, 127-132 (2007).

Van Eeden, S.F., W.C. Tan, T. Suwa, H. Mukae, T. Terashima, T. Fuji, D.

Qui, R. Vincent and J.C. Hogg: Cytokines involved in the systemic

inflammatory response induced by exposure to particulate matter air

pollutants (PM
10
).  Am. J. Respir.  Crit.  Care Med., 164, 826-830

(2001).

Wang, Y., G. Zhuang, Ch. Xu and Z. An: The air pollution caused by the

burning of fireworks during the lantern festival in Beijing, China.

Atmos. Environ., 41, 417-431 (2007).

WHO: Health aspects of air pollution with particulate matter, ozone  and

nitrogen dioxide. Available on WHO website. Bonn, Germany

(2003).

Barman et al632


