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ABSTRACT 
Respirable particulate matter has been identified as the major air pollutant of the urban air environment. The 
vehicles fitted with latest technology engines, usage of CNG in vehicles, other combustion sources and 
formation as secondary pollutant has resulted in higher level of fine and ultrafine particles in the urban air 
environment. There are more likely chances in the increase of incidences of respiratory and mutagenic 
disease due to high levels of finer particulates. Therefore, in the revised National Ambient Air Quality 
Standards (NAAQS) November, 2009 suspended particulate matter (SPM) was excluded and fine particulate 
fraction PM2.5 was included with existing PM10. This study was carried out at three urban locations and one 
control point in Lucknow city to identify the variation in the concentration of PM2.5 and PM10 across one year 
duration from November, 2013 to October, 2014. The annual average at Aliganj, Chowk and Talkatora for 
PM2.5 were 76.7, 75.9 and 79.3 µg/m3 and that of PM10 were 179.5, 182.5 and 183.0 µg/m3 respectively was 
higher than the control point; Kukrail (73.5 µg/m3 and 163.7 µg/m3). Almost equal ratio (PM2.5/10) at urban 
locations and control point (0.43) suggest the similar sources of air pollution across the city. The seasonal 
average of city during winter, summer and monsoon for PM2.5 (79.6, 78.9 and 73.5 µg/m3) and for PM10 
(190.0, 181.5 and 173.5 µg/m3) indicates that the particulate levels were maximum, in winters followed by 
summer and monsoon with small variation. Since the sampling was performed only on non-rainy days, the 
increased activities of traffic and construction may be responsible to maintain the higher particulate levels 
soon after the rains are over. NAAQS limits were exceeded in case of both PM2.5 (Exceedance factor: 1.25) 
and PM10 (Exceedance factor: 1.64-1.83) can be considered to be an alarming indicator of adverse health 
effects for city dwellers. The relative death rate (RDR) for higher PM10 levels was estimated to be 8.2% for 
city area and 6.4% for control area. Similarly mortality rate for higher PM2.5 levels was estimated to be 
6.48%, 9.72% and 12.96% for all-causes, cardiopulmonary and lung cancer respectively for the Lucknow 
during the study period. The persisting high particulate levels and estimated RDR rates suggest that there is a 
need to bring down the fine and respirable particulates to safeguard the health of the city dwellers.  
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INTRODUCTION 
Rapid urbanization, economic development 
increase in commercial, construction and 
industrial activities during last two decades have 
increased the vehicular population by several 
folds in Lucknow. As a result the concentration 
of particulate matter (PM2.5 and PM10) is 
increasing in the city. The term “Particulate 
Matter” (PM) includes both solid particles and 
liquid droplets found in air. Aerosols, which 

originate directly from the sources, are termed as 
Primary Aerosols. There may be the conversion 
of gaseous matter into the particulate due to 
many physico-chemical reactions, termed as 
secondary aerosols.  Many Manmade and 
Natural sources emit PM directly or emit other 
pollutants that react in the atmosphere to form 
PM. Particles less than 10 micrometers in 
diameter (PM10) pose a health concern because 
they can be inhaled into and accumulate in the 
respiratory   system.1-5   Particulates   with  an  
aerodynamic diameter < 2.5 µm are called*Author for correspondence 
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PM2.5 and are believed to pose the largest health 
risks.6 These solid and liquid particles come in a 
wide range of sizes. Because of their very small 
particle sizes (less than one seventh the average 
width of a human hair), fine particles generally 
have long residence time in atmosphere, lodge 
deeply into the lungs and tends to spread over a 
much larger geographical region.7 In addition to 
PM10 now PM2.5 is also included in revised 
NAAQS since 2009.8 It was also reported that 
both short and long term exposure to PM2.5 and 
PM10 are associated with an increase in 
mortality, especially in case of elderly adults 
with cardiopulmonary illness.9 Earlier studies 
have shown that the concentrations of both the 
particulate fractions are increasing in the 
environment rapidly.10 

Sources of fine particles include all types of 
combustion activities (motor vehicles, power 
plants, wood burning etc.) and certain industrial 
processes. Particles with diameter between 2.5 
and 10 micrometers are referred to as “coarse”. 
Sources of coarse particles include crushing or 
grinding operations, and dust from paved or 
unpaved roads. Also the transport sector is prime 
contributor to air pollution in Indian cities with 
an exponential growth in number of vehicles 
recorded since 1981 and onwards. If this growth 
continues, the vehicle numbers are expected to 
increase up to 468 million in 2031.11 During 
daytime, usually maximum petrol driven 
vehicles ply on roads whereas during night time 
maximum vehicles are diesel driven. Diesel 
engine exhaust has been linked with increasing 
risk of lungs cancer.12 Fuel quality and vehicular 
technology play an important role in defining the 
emissions from transport sector.13 
The overall concentration, composition and the 
particle size of suspended particulate matter at a 
given site are determined by factors such as      
the  meteorological properties of the atmosphere,  

topographical influences, emission source, and 
by particle parameters such as density, shape and  
hygroscopy.14 Health studies have shown a 
significant association between exposure to      
fine particles and premature mortality.          
Other  important  effects  include  aggravation of  
respiratory and cardiovascular disease, lung 
disease, cardiovascular problems such as heart 
attacks and cardiac arrhythmia. Individuals 
particularly sensitive to fine particle exposure 
include older adults, people with heart and lung 
disease, and children.  The current study was 
therefore planned to evaluate the level of respirable 
particulate fractions (PM2.5 and PM10) in the city. 
This study was carried out at three urban locations 
and one control point in Lucknow city to identify 
the variation in the concentration of PM2.5 and 
PM10 and the health effects were estimated in terms 
of daily Relative Death Rate (RDR).15 
Study Area 
Lucknow capital of Uttar Pradesh is a fast 
growing city of north India. It is situated in Indo-
Gangetic Plain and drained by Gomti river. It 
has subtropical monsoon type of climate.16 
During the last two decades rapid development 
has taken place in the city and practically most 
of the open space available has been occupied 
for the construction of residential, commercial 
and   office buildings. Lucknow has a population 
of 28.15  Lakh   (Muncipal    corporation + 
cantonment) as per 2011 census and an area of 
310 km2 which was 48 km2 in 1951. The 
population density of city was reported to be 690 
persons per square kilometer in the census.17 The 
number of different categories of vehicles (one 
of the major source of air pollution in city) 
registered with RTO (Regional Transport Office) 
Lucknow is 17,09,662 as on 31.3.2015 which is 
10.08% higher over the last year.18 Vehicular 
growth  over last five years has been 
summarized in Table 1. 

Table 1 : Growth of registered vehicles in Lucknow 

S/N Year Vehicle Growth Rate (%) 
1 2010 11,07,455 ---- 
2 2011 12,09,745 9.24 
3 2012 13,14,705 8.68 
4 2013 14,24,478 8.35 
5 2014 15,52,695 9.00 
6 2015 17,09,662 10.08 

Average growth rate 9.07 
Source : RTO Lucknow (2015) 
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MATERIAL AND METHODS 

Sampling locations 
Sampling locations were selected in accordance 
with the population density, commercial cum 
traffic and other industrial activities. Heavy 
traffic volume on roads, commercial belts and 
industrial  activities  contribute  to the generation 

of highly  toxic  particulate  matter in the  
surrounding air.  
Four air quality monitoring locations 
representing different activities areas i.e one 
each in industrial, residential, other area 
(commercial) and ecologically sensitive area 
(control) were selected for the study as 
summarized in Table 2 and shown in Fig. 1.19 

Table 2 : Details of monitoring locations 

Locations Code Details 

Aliganj 
(residential) 

A It is essentially a residential area but due to expansion of city there is an 
increase in traffic density on the road of this area. Over the period of time 
the area has witnessed the increase in commercial activities as well. 

Chowk 
(residential / 
commercial) 

B Typical old city type of settlement which has a mix of residential, 
commercial and many other activities. Heavy traffic on narrow roads 
leads to jam and generation of air pollution. 

Talkatora 
(industrial) 

C It is an industrial area which has a number of small scale units. 
Combustion activities, heavy traffic and many commercial activities are 
the major source of air pollution in this area. 

Kukrail (control: 
ecologically 

sensitive area) 

D It is a reserve forest area and a picnic spot with vegetation near about 
2.5 km from the city area. Limited air pollution sources are existing in 
this area. 

Sampling Plan 
The field survey was conducted from 
November, 2013 to October, 2014 covering 
three distinct seasons i.e. winter (November to 
February), summer (March to June) and 
monsoon (July to October). Sampling of 
respirable particulates was conducted for the 
duration of 24 hour on sampling days. A total of 
48 samples (monthly one at each location) were 
collected for PM2.5 and 144 for PM10 (monthly 
three at each location) during one year study 
period. No sampling was performed during 
rains.  
Sampling procedure 
PM2.5 samples were collected using fine 
particulate sampler (FPS, Envirotech, EPM550). 
This electrically powered air sampler draws 
ambient air at a constant volumetric flow rate 
(16.7 lpm) maintained by a mass flow/ 
volumetric flow controller coupled to a 
microprocessor into specially designed inertial 
particle size separator (wins impactor) where the 
suspended particulate   matter  in  the   PM2.5  
size ranges is separated for the collection on a 
47    mm polytetrafluoroethylene  (PTFE)  filter  

 

over a specified sampling period. PM10 were 
collected in high volume range using respirable 
dust sampler (RDS, Envirotech, APM460), 
wherein air was drawn at a flow rate between 1-
1.1 m3/min through a 20.3x25.4cm Whatman 
GF/A glass fiber filter. The sampler has an 
appropriately designed particle size cyclone 
separator where the suspended particulate matter 
in the PM10 size range is separated and collected 
on the filter paper. The filter was weighed on 
calibrated electronic balance (capable to weigh 
up to 0.01 mg) before and after the sampling to 
know the weight of collected dust. Moisture 
content can affect filter weight; therefore filters 
were equilibrated for a minimum of 24 hours in 
a controlled environment prior to pre and post 
weighing. The balance room relative humidity 
was maintained at a mean value range of 45 ± 
5% and its air temperature at a mean value range 
of 25.0 ±2.0ºC.20 The mass concentration in 
theambient air is computed as the total mass of 
collected particles in the PM2.5 and PM10 size 
ranges divided by the actual volume of air 
sampled and is expressed in µg . 
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           Source  :  http://www.mapsofindia.com/maps/uttarpradesh/lucknow-city map.htm# 

Fig. 1 : Sampling locations at Lucknow 

RESULTS AND DISCUSSION 
Respirable particulate matter  
Particulate matter has been identified as the 
major pollutant in most of the cities of our 
country.21  Lucknow is not an exception to this.22 
Results of two fractions of respirable 
particulates; PM2.5 and PM10 during the study 
period November 2013 to October 2014 at three 
locations in urban area and one control point 
Kukrail picnic spot is depicted in Fig. 2. The 
monthly average levels of PM10 at urban 
locations Aliganj, Chowk and Talkatora ranged 
between 171.7-190.1, 169.3-192.5 µg/m3 and 
166.6-201.0 µg/m3 respectively. The 
corresponding values of PM2.5 at urban locations 
were 71.4-88.1, 69.0-82.5 and 70.4-90.5 µg/m3 

respectively. Whereas at Kukrail the monthly 
average levels of PM10 and PM2.5 were 
comparatively lower, in the range of 145.5-185.0 
 

 
 
and 67.7-80.5 µg/m3 respectively. Summary of 
the observed respirable particulate matter levels 
is given in Table 3. The annual average at 
Aliganj, Chowk and Talkatora for PM2.5 were 
76.7, 75.9 and 79.3 µg/m3 and that of PM10 were 
179.5, 182.5 and 183.0 µg/m3 respectively. The 
overall urban annual average of PM2.5 and PM10 
(77.3 µg/m3 and 178.9 µg/m3) was higher than 
the control point; Kukrail (73.5 µg/m3 and163.7 
µg/m3). Although the values at control point are 
lower than the urban area but the observed 
difference was insignificant. Also the PM2.5/10 of 
urban locations (0.43) and that of control point 
(0.45) are almost equal suggest the same  sources  
of  air  pollution.  It also indicates that the 
control point is affected from the nearby passing   
highway    and    other    roads  and  the increased  
populationdensity  and  activities  in it vicinity.  
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Fig. 2 : Monthly variation of PM2.5 and PM10 at different locations (A, B, C, D) 

Table 3 : Annual average concentration of respirable particulate matter 

Locations PM2.5 (µg/m3) PM10 (µg/m3) PM2.5/10 

Aliganj 76.7 (71.4 -88.1) 179.5 (160.8-205) 0.43 

Chowk 75.9 (69.0-82.5) 182.5 (161.2-213.1) 0.41 

Talkatora 79.3 (70.4-90.5) 183.0 (157.9-209.4) 0.44 

Urban  average 77.3 (69.0-90.5) 178.9 (135.6-213.1) 0.43 

Kukrail 73.5 (67.7-80.5) 163.7 (135.6-188.5) 0.45 

The levels of PM2.5 and PM10 in different 
seasons for urban and control point is depicted in 
Fig. 3 and Fig. 4. The seasonal average at urban 
locations during winter, summer and monsoon 
for PM2.5 was 79.6, 78.9 and 73.5 µg/m3 and that 
of PM10 were 190.0, 181.5 and 173.5 µg/m3 
respectively. A similar trend was observed at 
control point where the corresponding levels of 
PM2.5 were 73.5, 77.9 and 69.3 µg/m3 and for 
PM10   it   was  164.8,  168.4  and  158.1  µg/m3.  

Although the trend clearly suggests that the 
particulate  levels  were   maximum,  in  winters 
followed by summer and monsoon but the 
variation is negligible at all the locations. As 
mentioned in study plan the sampling was 
performed only on non-rainy days. This clearly 
indicates that even if there is any wash-out of 
pollutants due to rains a day or two before 
monitoring, it did not take much time to regain 
its average level. The increased traffic and other 
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activities particularly road, sewage system       
and    building    construction    across    the   city  

may be responsible for the quick build-up of 
particulate matter in city’s environment. 

 
Fig. 3 : Seasonal variation of PM2.5 at urban and control site 

 

Fig. 4 : Seasonal variation of PM10 at urban and control site 

Concentrations of PM10 at all the location 
including control point were much higher than 
their 24 hourly NAAQS standard; 100 µg/m3 
(Table 2). The observed particulate fractions 
PM10 are at higher level, similar to the recorded 
level of most of the cities of northern India. 
Exceedance Factor for PM10 ranged between 
1.64-1.83 across the city during study period, 
higher than the factors prescribed Central 
Pollution Control Board, New Delhi for 
critically polluted areas (>1.5). The average 
PM10 was about 1.81 times higher in the city 
area and 1.64 times higher at control point 
Kukrail as compared to the NAAQS standard of 

100 µg/m3
. In an earlier study of Lucknow city 

during 2007-09 PM10 was reported to be 1.7 
times higher than NAAQS. As per census data 
the population density of city has reached to a 
level of 690 per square kilometer. The 
population density in the central part would be 
higher than the average due to construction of 
multistoried apartments, which has put 
considerable pressure on management of 
services, facilities and amenities. Thus more 
space for city expansion is being hunted by the 
development authorities and even private 
developers. Uncontrolled construction of 
unauthorized residential colonies on agricultural 
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land has taken place over the years. As a result 
there has been an increase in air pollution level 
of  the  city.  In  the  view  of above fact, it is the 
need  of  the  hour  to  look into the air quality of 
city Lucknow.  
Health effects   
PM10 
The population of the city is constantly exposed 
to higher levels of respirable particulats 
ammonium etc. Particulates laden with such 
compounds may exert harmful biological 
effects. Particles <10 µm are considered to be an 
important pollutant leading toxic effect. The 
health effects of PM10 have been reported in 
terms of Daily Relative Death rate (RDR) due to 

each increase in its level of 10µg/m3 in ambient 
air.23  In  Indian  context  RDR was estimated at  
the generated from transportation and other 
activities in the city that may contain organic 
and element carbonaceous material and 
inorganic compound such as sulphate, nitrate 
and rate of 1% for each increase in the PM10 
level of 10 µg/m3 beyond the limit (100 µg/m3) 
prescribed in NAAQS in this study as 
summarized in Table  4. The RDR values for 
city area were estimated to be 8.2% and for 
control point 6.4%. The increased PM10 level 
over the standard of 100 µg/m3 may lead to 
substantial burden of disease and premature 
death.24 

Table 4 : Comparison of PM10 (in µg/m3) with NAAQS (24 hourly average) and estimated daily 
relative death rate (RDR) 

Location NAAQS 
(A) 

Annual mean 
(B) 

Relative 
difference 

RD = (B-A) 

Exceedance 
factor 
(B/A) 

RDR* 
(1% for each 

increase in PM10 
by 10 µg/m3) 

Aliganj 
 

100 
µg/m3 

179.5 79.5 1.79 8.0 
Chowk 182.5 82.5 1.82 8.3 
Talkatora 183.0 83.0 1.83 8.3 
Kukrail 163.7 63.7 1.64 6.4 

*Daily relative death rate (RDR) as per Dockery and Pope, 1994 
PM2.5 
The recorded PM2.5 concentrations at the urban 
locations and control point were much higher to 
the NAAQS standard of 60 µg/m3 (Table 5). 
The average Exceedance Factor for PM2.5 in the 
city was estimated to be 1.25 during the study 
period. These particles have more surface area to 
mass ratio that makes them a potential carrier of 
the harmful reactive components. A smaller 

particle may reach deep into the lungs and get 
deposited and may cause severe pulmonary 
inflammation.25 The study on association 
between ambient fine particulate air pollution 
and elevated health risks by demonstrated that 
each 10 µg/m3 elevation in long-term average 
PM2.5 ambient concentrations was associated 
with approximately a 4%, 6% and 8% increased 
risk   of   all causes, cardiopulmonary and  lung 

Table 5 : Comparisons of PM2.5 (in µg/m3) with NAAQS (24 hourly average) and estimated 
daily relative death rate (RDR) 

Location NAAQS 
(A) 

Annual 
mean 

(B) 

Relative 
difference 
RD= (B-A) 

Exceedance 
factor 

(B/A) 

Daily relative death rate (RDR*) 

All causes 
(4%) 

Cardio-
pulmonar

y (6%) 

Lung 
cancer 
(8%) 

Aliganj 
 

60 
µg/m3 

76.7 16.7 1.3 6.68 10.02 13.36 

Chowk 75.3 15.3 1.2 6.12 9.18 12.24 
Talkatora 79.3 19.3 1.3 7.72 11.58 15.44 

Kukrail 73.5 13.5 1.2 5.40 8.10 10.80 

Average 1.25 6.48 9.72 12.96 

  *RDR as per Pope et al., 2014  
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cancer mortality respectively. Using the same 
relationship the mortality rate for Lucknow26-30 
during the study period was estimated to be 
6.48%, 9.72% and 12.96% for all-causes, 
cardiopulmonary and lung cancer mortality 
respectively. The increased PM2.5 level over the 
standard of 60 µg/m3 may lead to substantial 
burden of disease with respect to all-causes and 
increase in mortality.  

CONCLUSION 
The high level of both PM2.5 and PM10 observed 
during the study period may be contributed from 
a number of activities such as vehicular, 
industrial and commercial activities in the city. 
Particularly the occurrence of finer particulates 
may be attributed to the vehicles fitted with 
engines of advance technology and CNG 
vehicles. The average PM2.5 value exceeded by 
a factor of 1.25 and that of PM10 exceeded by a 
factor of 1.64-1.83 over the respective NAAQS 
limits. In general, the high respirable particulate 
levels in the urban locations were found to be 
higher than the control point clearly indicates 
the extent of activities in the respective areas. 
However, PM2.5/10 between urban area and 
control point suggest the similar sources of air 
pollution in these areas. An attempt made to 
estimate the health impact due to exposure to 
PM2.5 and PM10 indicates possibility of increase 
in disease due to all-causes, lungs disorder and 
cardiopulmonary mortality. Day to day exposure 
to fine particulate matter is directly associated 
with increased risk of various adverse health 
effects/outcomes whereas coarse particle 
fraction and suspended particles were not 
consistently associated with mortality.  
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