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ABSTRACT 
Urban air pollution is one of the major environmental problems faced by the developing 
countries. Studies in large Indian cities revealed that ambient air pollution concentrations are at 
such levels where it can cause serious health impacts. Lucknow, a fast growing city is not an 
exception to this. Researchers from the city have studied various aspects of air pollution during 
the last one and half decades, identified particulate matter as the main air pollutant in city. A few 
studies of indoor environment in households due to various type of fuels used in cooking from 
urban and nearby rural areas have also identified particulates and associated PAHs as major 
indoor air pollutant. The objective of this review article is to analyze the air pollution status of 
city, associated environmental and health impacts and possible control measures presented in 
studies on Lucknow from the available literature. Particulate fractions viz.; PM2.5, PM10 and 
SPM were reported to be exceeded the National Ambient Air Quality Standards (NAAQS) limits 
in most of the studies but oxides of sulphur and nitrogen (SO2 and NOx) were within the limit of 
80 μg/m3. Lack of dispersion of pollutants in winter season was reported to be the main reason 
for highest air pollution during this season and minimum in monsoon due to washout by rains. 
Commercial areas with high traffic volume recorded higher air pollution levels than residential 
and industrial areas with low traffic density. Vehicular traffic was identified the major source of 
air pollution in the city. Air pollution level at control site (village or low traffic density area) was 
lower than other urban sites. Particulates and associated toxic chemicals (metals and PAHs) and 
gaseous pollutants have found to be toxic to human and plants in Lucknow. The exposure of 
these pollutants is associated with cardiovascular and respiratory diseases, neurological 
impairments, increased risk of preterm birth and even mortality and morbidity. A few studies 
focusing roadside air pollution have shown high air pollution concentration as well as adverse 
impact on chlorophyll content of roadside plants. Authorities have been sensitized from the 
findings of these studies and initiated measures to control vehicular pollution, create awareness 
and better control of traffic by traffic police. However the efforts made so far are inadequate to 
maintain good air quality. In view of the rapid growth of Lucknow city in term of area, 
population and number of registered vehicles, planning and implementation of suitable air 
pollution control measures are necessary to protect the health of its citizens. 

Key Words : Air pollution, Health effects, Control measures, Economic development, 
Cardiovascular 

 
INTRODUCTION 

The contaminants or pollutants may generate 
from the natural sources as well as human 
activities. Population growth, urbanization, 
economic development, transportation needs 
and rapid increase in energy consumption are 
major driving force of air pollution in large 
cities, especially in megacities.1 Air pollutants 

emitted from vehicles and industries are 
responsible for rise in irritation, discomfort and 
increase in airborne diseases and deterioration 
of heritage buildings of cultural importance in 
urban areas. The major constituents of natural 
air are nitrogen and oxygen with some minor 
constituents. The oxygen in air is responsible 
for life on earth. However, ambient air 
consumed by living being for breathing 
contains various gasses, solid and liquid *Author for correspondence 
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substances. Thus, when the air contains 
substances in such quantities that could harm 
the comfort or health of humans and animals 
or could damage plants and materials is 
defined as air pollution. 
The consequences of pollution have led to poor 
urban air quality in many Indian cities. The air 
pollution and the resultant air quality can be 
attributed to emissions from transportation, 
industrial and domestic activities. The air 
quality has been, therefore, an issue of social 
concern in the backdrop of various 
developmental activities. Though the 
measurement of air quality is complicated, 
there are a few pollutants which regulators 
keep a watchful eye on through regular 
monitoring. The most watched pollutants 
include particular matter (PM), nitrogen 
dioxide (NO2) and sulphur dioxide (SO2).2 The 
World Health Organization estimates that air 
pollution contributes to approximately 800000 
deaths and 4.6 million lost life year’s 
annually.3 
Initiatives for environmental protection  
The Government of India has implemented 
environment laws, policies and programs in the 
country. Under The Water (Prevention and 
Control of Pollution) Act, 1974, government 
established Pollution Control Boards in the 
Centre and at the State levels for the 
implementation of the norms to bring pollution 
under control. In 1981, the Air (Prevention and 
Control of Pollution) Act was passed. Further 
The Environment (Protection) Act (EPA) was 
passed in 1986 as an Umbrella Act to close the 
gaps in the Water and Air Act and 
subsequently, scope of Central Pollution 
Control Board (CPCB) functions was 
enhanced under this Act.4Country’s first 
National Ambient Air Quality Standards 
(NAAQS) was released on November 11, 1982 
which included sulphur dioxide (SO2), nitrogen 
dioxide as (NO2), Suspended Particulate 
Matter (SPM), lead (Pb) and carbon monoxide 
(CO) for residential and rural, industrial and 
sensitive area categories. The first revision of 
the standards came on April, 11th 1994 by 
including Respirable Particulate Matter (PM10, 
size less than 10µm) and second on October 
14th, 1998 when ammonia (NH3) was added to 
the existing list. 

Rapid industrial, commercial and 
infrastructural development in the country 
during last few decades has resulted in the 
generation of variety of chemical air 
pollutants. Therefore the revision of the 
standards was undertaken by the CPCB and 
Indian Institute of Technology, Kanpur and the 
current NAAQS was notified on 16.11.2009 by 
the Ministry of Environment and Forest. The 
main feature of the revised standard is 
reclassification of area category, replacement 
of SPM by fine particulate matter (PM2.5) and 
inclusion of new parameters [ozone, arsenic, 
nickel, benzene and Benzo (a)Pyrene (BaP)]. 
CPCB commenced a National Air Quality 
Monitoring Program (NAMP) to identify, 
assess and prioritize the pollution control 
needs of the country in 1987. CPCB reports 
indicate that there are currently 342 functional 
air quality monitoring stations in 127 Indian 
cities.5 Researchers from countries academic 
and research and development organizations 
have also studied on different aspects of air 
quality assessment and health impacts. 
Assessment of the air quality serves as the 
guidelines for the environmental planning of 
the region.6 Regulatory agencies can also use 
the air quality data base for the identification 
of areas where the natural resources and 
human health could be at risk. Studies on 
various aspects of air pollution have been 
reported from major cities of India during last 
5 decades. In the same line many researchers 
carried out short term studies in Lucknow with 
respect to PM10, SPM, SO2, NOx and metals 
etc in ambient air. Only a few studies on 
indoor air pollution were reported from 
households burning bio-fuels for cooking in 
the city and surrounding villages. Since the air 
quality standards in India have been 
categorized in industrial, residential/ 
commercial and sensitive area category, most 
of the early studies reported from Lucknow 
,India covered these areas. 
Study area 
The study area Lucknow, known as Awadh 
during ancient times is the capital of Uttar 
Pradesh India, traditionally known for its rich 
cultural heritage and distinct etiquette is now 
emerging as one of the fastest growing non-
metropolitan    cities.    It    is  today a center of  
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modern technology, with a high level of 
investment, institutional development and 
progressive outlook witnessing an economic 
boom which is reflected in the pace of real 
estate development in the city. Lucknow has 
acquired pace in commercial and industrial 
activities and with the dense population load 
the city has been under stress due to 
increasing urbanization. According to the data 
given by the Census of India population of 
Lucknow is 2815033 and the present area 
(2011) of Lucknow is envisaged to be 310 sq 
km. About 1552695 (2014) registered 
vehicles are plying on the roads of city as per 
Road Transport Office (RTO) Lucknow 
records.7 The city is situated between 26052’N  
latitude  and 80056’E longitude at an  

average altitude of 128 meters above mean 
sea level and generally slopes to the east. 
Lateral slopes are towards the River Gomti, 
which flows from North-West to South-East 
through the heart of city, dividing it into the 
Trans-Gomti and Cis-Gomti regions. The city 
has a humid subtropical climate with a cool 
dry winter from December to February and a 
hot summer from April to June. The 
temperature extremes vary from about 450C 
in the summer to 30C in the winter. The city 
receives about 100 cm of annual rainfall 
mostly from the southwest monsoon between 
July and September. Climate data recorded at 
Lucknow Airport by Meteorological 
Department of India is depicted in Table 1.8 

Table 1 : Climate data for Lucknow, India 

Month 

Temperature 0C 
Rain-fall 

mm 

Avg. 

rainy day 

(≥ 0.1 mm) 

Avg. 

high 

Daily 

mean 

Avg. 

low 

January 19.0 11.3 3.5 21.0 1.5 

February 23.3 14.8 6.3 26.0 1.5 

March 31.1 21.8 12.5 16.0 1.0 

April 36.8 27.9 19.0 15.0 0.6 

May 40.0 32.0 24.0 23.4 1.6 

June 38.4 32.6 26.7 122.9 5.4 

July 33.9 29.8 26.0 276.2 12.0 

August 33.2 29.0 25.6 278.9 11.6 

September 33.1 28.6 24.1 175.9 8.6 

October 31.0 23.4 17.7 24.7 1.7 

November 27.7 18.8 10.0 7.4 0.5 

December 20.5 12.2 4.7 12.6 0.8 

Yearly 30.7 23.7 16.7 1000 46.8 

Air pollution status and its impact 
The air quality studies of Lucknow reported 
in literature since the begninig of 21st century 
have been summarised in this section. The 
researchers have studied air pollution status 
and corrrelated it with environmental, human 
and   plants   health   impacts. Survey at seven  

locations in residential, commercial and 
industrial areas of Lucknow during 1999-
2000, showed that particulate concentration 
and their metallic content tend to fluctuate 
with the change in meteorological conditions. 
In this study levels of PM10 was 230.9, 216.5, 
261.5, 241.1 µg/m3 during winter, summer, pre  
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and post monsoon respectively and the 
corresponding values for SPM were 565.4, 
522.3, 918.4 and 551.9 µg/m3 respectively. All 
the value were higher than the prescribed 
NAAQS. Particulate fraction PM10 assessed for 
heavy metals showed the presence of Cd, Cr, 
Cu, Fe, Mn, Ni, Pb and Zn in all the seasons. 
The results of the study indicate marked 
variations in the metal contents from different 
locations and differ significantly in different 
seasons. As per the authors opinion the higher 
particulates can be attributed to the greater 
density of small diesel driven vehicles plying 
through routes nearby sampling locations.9 
The study conducted at twelve locations during 
1999-2000 reported values of PM10 and SPM 
to be 188.3 and 404.9 (summer), 160.6 and 
323.0 (monsoon) and 176.9 and 425.2 (winter) 
µg/m3 respectively, exeeding NAAQS. 
Analysis of data also revealed that pollutants 
level was exponentially higher during winter 
and summer season and it was mainly 
attributed to automobile exhaust. The observed 
biochemical changes in plants suggested that, 
although SO2 and NOx level was less than the 
limits but enough to cause injury to plants. In 
plant leaves highest chlorophyll content was 
found in monsoon then in summer and least in 
winter season, it might be due to the high NOx 
concentration which increases the sensitivity of 
plant to winter stress. Higher level of 
pheophytin reduction was found in winter 
season in all the plant species, when the 
pollution level was high. The study observed 
that at commercial locations and in winter 
season, stress on plant was higher.10 
Air pollution status at twelve sites (close to 
road crossings) in Trans-Gomti area 
(approximately half on one side of river 
dividing the city) of Lucknow was studied in 
moderate traffic hours (11.00 AM-1.00 PM) 
during 2000-01. These sites reflect lean to high 
traffic density areas. The observed average 
PM10in this study 499.4µg/m3 was more than 
the NAAQS permissible limit (100µg/m3). The 
highest PM10 level (995 µg/m3) was recorded 
at the busiest crossing with maximum traffic 
density (6723 vehicle/h) and least (150 µg/m3) 
at low traffic density crossing with minimum 
traffic load (52 vehicle/h). Gaseous pollutant 
(SO2 and NO2) levels were also recorded 

maximum (41.92 and 38.24 µg/m3) and 
minimum (SO2-ND, NO2-4.29 µg/m3) at the 
respective locations. The levels of all 
aoutomobile pollutants showed a trend of 
positive correlation with the traffic density. 
The Air Quality Index (9.89) at low traffic 
density site which is also under thick forest 
cover is of very clean category and that of 
busiest crossing (68.42) near to the value of 
polluted category (75-100). This investigation 
revealed that environment of the Trans-Gomti 
area is mainly contaminated with PM10 and 
suggested to ban diesel driven vehicles in the 
city areas to bring down the PM10 level within 
the permissible limit.11 
A study in Low/High Traffic Density 
(LTD/HTD) sites in urban Lucknow in 2001-
02, during summer revealed PM10 levels at 
LTD site as 73.0 and at two HTD sites as 
100.4 and 96.4 µg/m3 and the corresponding 
values of SPM to be 137.5 (at LTD), 159.6 and 
153.4 µg/m3 (at HTD). However, in winter 
season observed PM10 levels were 165.2, 288.7 
and 264.3 µg/m3 at one LTD and two HTD 
sites respectively. Similarly SPM levels were 
222.6, 361.9 and 332.8 µg/m3 at respective 
sites. Particulates exceeded NAAQS limits in 
winter only, while SO2 and NOx were within 
the limits in both the seasons. The authors also 
studied PAHs attached to particulates, 
revealing the presence of all the examined 
types (both auto exhaust/ biomass emission 
specific PAHs) in the sampled air. The mean 
values of sum PAHs at HTD sites and LTD 
sites were (24.76 ng/m3) and (9.44 ng/m3) 
during summer and (106.08 ng/m3) and (26.64 
ng/m3) during winter respectively. The mean 
values at both the sites were much greater than 
the guide value of 1 ng/m3 set for PAH by the 
World Health Organisation (WHO). The mean 
PAHs value was approximately three to four 
times higher in winter than summer and almost 
similar trend was observed between HTD and 
LTD. The author further emphasized that a 
substantially higher percentage of population is 
exposed to PAHs and faces the risk of short-
term clinical symptoms related to 
cardiovascular, respiratory, ear and eye 
systems that are attributable to PAH exposure. 
As per study the estimated cost of health 
damage in the PAH exposed population (1.64 
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million) on an average is Rs.900 million per 
annum for Lucknow.12 
During post monsoon (October, 2001) the 
average SPM in residential, commercial and 
industrial areas; 342.0, 547.5, 541.7 µg/m3 was 
higher than the NAAQS limits, while SO2 
(23.06-36.5 µg/m3) and NOx (26.54-43.0 
µg/m3) was less than the standards. The study 
has identified vehicular traffic as the root cause 
of air pollution with contributions from 
industries and other scattered burning 
activities.13 The average concentration of PM10 
during winters of 2002, 2003 and 2004 was 
196.5, 266.8 and 166.3 μg/m3 in residential, 
258.2, 321.7, 211.2 μg/m3 in commercial and 
205.0, 231.5, 198.5 μg/m3 in industrial area 
respectively, were above their respective 
NAAQS of 100 μg/m3 for residential/ 
commercial, rural and other areas and 150 
μg/m3 for industrial areas. The Pb 
concentration in this study ranged 0.07-0.89 
μg/m3. Introduction of CNG buses for public 
transport in place of diesel-operated three-
wheelers on the trunk route resulted in lower 
PM10 levels in 2004.14 
The concentration of PM10 at 10 locations in 
city was recorded in the range of 107.6-237.8 
µg/m3 in summer (May, 2005) in Lucknow. It 
was 146.9 and 178.4 µg/m3 in residential and 
commercial areas where as 107.6 µg/m3 in one 
industrial area. The relative difference (%) of 
PM10 with NAAQS i.e. the exceedence factor 
ranged from  0.7 in industrial to 2.4 in 
commercial area. Author also reported that the 
mean concentration of Fe (1242.10 ng/m3) was 
maximum and Cd (6.36 ng/m3) minimum in 
the city. The concentration of PM10 in air was 
found higher almost double than NAAQS. For 
high concentration of PM10 in air trace metals 
Fe, Mn and Mg were found responsible. The 
adverse health effects of PM10 related to Fe, 
Mn and Mg may be the reason for frequent 
hospital visitors. Author commented that the 
considerable abatement at root levels in the 
sources of these metals may reduce the 
concentration of PM10 and thus the air quality 
as well as the health of the city dwellers will 
certainly improve.15 
In a study at ten locations during May, 2006 in 
urban area of Lucknow city and one nearby 
village (control), the values of PM10 and SPM 

were found to be 168.2 and 374.5, 180.2 and 
399.5, 141.4 and 327.8, 73.1 and 196.3 μg/m3 

in residential, commercial, industrial and 
control village respectively. The concentration 
of SO2 and NOx in this study ranged from 11.7-
32.4 and 14.7-46.0 μg/m3. The mean 
concentration of air pollutants (RSPM, SPM, 
SO2 and NOx) found in the increasing order of 
village area (control) <industrial area 
<residential area <commercial area. In the 
same study maximum and minimum mean 
metal concentration was found for Fe (1029.95 
ng/m3) and Cr (6.92 ng/m3) respectively. 
Metals like Pb, Cu and Cr showed a significant 
association with SPM, RSPM, SO2 and NOx 
suggesting their inter-dependence.16 
The PM10 concentration (μg/ m3) in Lucknow 
city at 4 locations (in residential, commercial 
and industrial areas) in three different seasons 
was 187.2 during summer (March-June, 2007), 
155.7 during monsoon (July-October, 2007) 
and 269.0 during winter (November, 2007- 
February, 2008). While, PM2.5 level was 45.6, 
39.8 and 212.4 μg/ m3 during respective 
seasons. The mass fraction ratio of PM2.5 
ranged between 0.22-0.92 (avg. 0.42 ± 0.26) 
and was significantly high during winter 
season. The results found in this study show 
that 24 hour mean respirable particulate (PM2.5 
and PM10) were higher than the respective 
NAAQS 24 hourly standards of 60 and 100 
µg/m3 respectively and may lead to the 
substantial burden of disease and premature 
death in the population. During monsoon and 
summer PM2.5 is about one fourth of PM10, 
while in winter the ratio increases to 75%. 
Stronger relationship between PM2.5 and PM10 

is an indication of direct emissions, most likely 
transport and burning of bio-fuels.17 
A pre monsoon survey (2008) data for PM10 at 
seven locations ranged from 188.3-199.2 
(residential), 198.0-216.2 (commercial), 167.8 
µg/m3 in industrial area, whereas SO2 and NOx 
ranged from 17.4-33.8 and 27.5-42.8 μg/m3 
respectivily. The obsereved PM10 exeeded 
NAAQS limit while gases were within the 
limit. Rain water charecterization in the study 
reported that pH level of rain water wasin 
acidic range but greater than 5.6. It means that 
rain   does  not fall in the category of acid rain,  
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however the rain water quality indicates the 
impact of air pollution.18 
In a study conducted at four locations of the 
city during 2007–09, the average value of 
PM10 and PM2.5 was 168.1 (1.7 times) and 87.3 
(1.5 times) μg/m3 higher than their respective 
NAAQS limits of 100 and 60 μg/m3. Amongst 
the metals associated with PM10, maximum Fe 
and minimum Cd was observed. Concentration 
of Pb, 40.6 was less than 1000 ng/m3, while 
Ni, 35.1 exceeded 20 ng/m3 limits prescribed 
by NAAQS-2009. The maximum values of 
metals were observed during winter. The 
average level of benzo(a)pyrene (51.96 ng/m3) 
was about 50 times higher than the standard 
value of 1 ng/m3 (NAAQS-2009, India: annual 
average). Author suggessted that the higher 
prevalence of diseases viz.; asthma, 
tuberculosis, pneumoconiosis, chronic 
bronchitis and lung cancer among Lucknow 
population can be linked to the high 
concentration of fine particulates, toxic metals 
and PAHs found in urban atmosphere.19 
Shukla A. et al., observed high levels of SPM 
(1088.6 µg/m3) during day time (8:00-20:00 
hrs) at five locations (residential, commercial 
and heavy traffic zone) of old city part of 
Lucknow exeeding NAAQS (1994) limit (200 
µg/m3). The high particulate level may be due 
to dense population and slow moving traffic in 
these areas. Although SO2 (23-53 μg/m3) and 
NOx (52.6-73.7 μg/m3) were less than the 
limits (80 μg/m3) but higher than the levels at 
other parts of the city. Authors also estimated 
high Air Quality Index (AQI) that may cause 
asthma and other bronchial diseases in people 
living in these areas.20 
Mir A. Q. et al. in a study to establish 
correlation between number and typs of plynig 
vehicles with effect on plants found significant 
lowering of the chlorophyll, carotenoid and 
protien content in all the plant species at the 
four sites with high traffic density in 
comparision to the control site. The 
observations clearly reveal a conspicuous 
difference on the amount of the changes, in the 
content of three parameters at the highest 
traffic density (Charbagh) in comparison to 
Nakhas (minimum traffic load). However, 
even Nakhas with minimum traffic load 
exhibited marked differences from the plants 

growing at the control site, showing a direct 
correlation with the number of automobiles. At 
charbagh, the significant differences can also 
be attributed because of the very high number 
of heavy automobiles, i.e., diesel driven 
vehicle, as the diesel contains four times more 
sulphur content as compared to petrol and SO2 
happens to be main phytotoxicant.21 
In a study at four sites (high traffic density) 
and one control site on spatio-temporal 
variations in automotive exhaust pollution 
across Lucknow showed that concentration of 
gaseous compounds were highly dynamic with 
significant seasonal variations characterized by 
high winter and low monsoon levels. Control 
site Babasaheb Bhimrao Ambedkar University 
(BBAU) campus with minimum traffic density 
(three season average 55 vehicles/h between 
9:00 AM to 11:00 AM) recorded minimum air 
pollution levels i.e. PM10, SPM, SO2 and NO2 
were 84.8, 134.7, 5.78 and 6.47 µg/m3 

respectively (six hour sampling between 9:00 
AM to 3:00 PM). Similarly Sikanderbagh 
crossing (centrally located in the city) 
registered maximum traffic density (4849 
vehicles/h) with highest levels of air pollutants 
367.8, 588.1, 30.62 and 38.06 µg/m3 

respectively. Study revealed that the 
concentration of the air pollutants across the 
sites correlated with the number and type of 
vehicles. Total flavonoids and total phenolics 
in two medicinally important plants viz.; 
Catharanthus roseus L. and Ocimum sanctum 
L. increased by increasing pollution loads 
across the sites, hence, this validates their role 
as biomarkers of auto exhaust pollution.22,23 
In a study (winter 2011) BBAU campus with 
low traffic (410 vehicles/hour) was considered 
as control against Sikunderbagh crossing high 
traffic density area (6632 vehicles/hour). At 
control site, recorded air pollution levels for 
PM10, SPM, SO2, NOx and O3 were 106.5, 
200.6, 11.82, 13.10 and 50.87 µg/m3 

respectively (six hour sampling between 9:00 
AM to 3:00 PM). The corresponding values of 
pollutants were 397.9, 738.8, 38.95, 55.39 and 
64.75 µg/m3at high traffic density site that are 
remarkably higher than control site. The 
impact of vehicle density and air pollution 
levels indicate clear evidence of significance 
reduction in biomass of its varities Trishna and 
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PRC-1 due to use of herbicide. The cumulative 
impact of herbicide (2,4-D sodium salt) and air 
pollution plays an important role to 
significantly enhance the production of 
secondary metabolities that are directly 
involved in various physiological process and 
growth of the plant and are indicators of a 
plant’s resistance towards abiotic stress.24 
In summer 2012 levels of PM2.5, PM10, SO2 
and NOx were 85.6, 218.4, 15.9 and 33.5 
µg/m3 respectively in three residential and one 
commercial sites of city. SO2 and NOx were 
within the limit while both the particulate 
fraction exeeded NAAQS 2009. Iron (162.9 
and 1813.9 ng/m3) was maximum in PM2.5 and 
PM10 while Cu (12.45 ng/m3) in PM2.5 and Co 
(23.78 ng/m3) in PM10 fractions was found 
minimum. The results indicated that urban air 
quality is adversely affected due to emission 
and accumulation of PM2.5, PM10, SO2, NOx 
and trace metals. Vehicular emission, 
industrial operation,combustion of waste, 
construction activity and resuspended road 
dust were identified as the sources of heavy 
metals in the study area.25 The estimated AQI 
using the method developed by Ziauddin et al.  
indicated that the commercial area was heavily 
polluted whereas residential areas were 
moderately polluted in the city. 
In a study, during summer 2012, at four 
residential, one industrial and one commercial 
area, the average levels of PM10, SO2 and NOx 
were 111.52, 13.66 and 22.28 µg/m3 

respectively. The concentration of PM10 
exeeded the NAAQS limit (100 µg/m3) while 
gases were within the limit (80 µg/m3). The 
higher PM10values were due to local 
construction activity and the results indicate 
that PM10 is one of the major cause for 
deterioration of ambient air quality.26 Results 
of the study carried out during the summer 
season (March-June 2012) revealed that the 
average levels of PM10 and PM2.5 were above 
the permissible limits laid by WHO at densely 
populated area (189 and 76 μg/m3) and on 
roadside sites was (226 and 91 μg/m3) 
respectively. Survey results also showed that 
46% of urban people suffered from acute 
respiratory infections like bronchial asthma, 
headache, depression and dizziness and these 
people were mostly from roadside colonies.27 

A few studies on indoor air pollution in urban 
and surrounding villages of Lucknow are also 
conducted by researchers. Indoor PAHs in 
rural households innearby village of  Lucknow 
(2001-02) at non cooking site during summer 
and winter was 1.13±0.36 and 
1.42±0.23µg/m3. Observed Benzo(a)Pyrene 
(BaP) levels, 0.13±0.01 and 0.19±0.04 µg/m3 
in two seasons exceeded the NAAQS-2009 
limit value of  0.001 µg/m3. Increase in PAHs 
level with fuel type from LPG to wood to cow 
dung cake was observed in cooking area.28 
Another study on indoor exposure to respirable 
particulate matter and particulate phase PAHs 
in rural house at the outskirt of Lucknow (2006 
summer) measured PM2.5 (1.19 to 2.38 µg/m3) 
and its associated PAHs (6.21 to 12.43µg/m3) 
during cooking period. The respective PM10 
ranged from 3.95 to 8.18 µg/m3 and PAHs 
associated to it was between 7.75 to 15.77 
µg/m3. The pollutant levels dung cooking were 
significantly higher as compaired to the non-
cooking period. The study confirmed that 
indoor pollution depends on the kind of 
biomass fuel used for cooking.29 The 
particultes and PAHs exposure have been 
reported to be an attributable risk factor for 
acute/chronic pulmonary illnesses, asthma, 
pulmonary tuberculosis and lung cancer in 
Indian women. Urban indoor-outdoor study of 
summer 2012 revealed that mostly outdoor 
concentrations of pollutants are more than that 
of indoor. In general positive corelation was 
observed in indoor and outdoor air quality in 
homes. Amongst the sites PM10 levels in well 
planned area was comparatevely low to that of 
unplanned and densely populated and roadside 
areas. Indoor observed level of PM2.5 and PM10 
in the study ranged from 42-82 and 78-182 
µg/m3. The estimated Air Quality Index (AQI) 
of unplanned and densely populated and 
roadside areas was in unhealthy zone (209-
302) whereas that in well planned area it was 
unhealthy for sensitive group (150-200).27 

DISCUSSION 
Air pollution in Indian cities is an increasing 
phenomenon. In spite of all the efforts to 
control pollution by regulatory authorities, the 
data summarized in the previous section 
suggest that the air pollution level in Lucknow  
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is on higher side. Particulate matter levels in 
particular were higher than NAAQS and 
gaseous pollutants were within the limits. In 
the referred studies PM10 and SPM in the city 
were observed in the range of 100.4-499.4 and 
200.6-1088.8; higher than their respective 
limits (100 μg/m3 NAAQS-2009 and 200 
μg/m3 NAAQS-1994), except in a few studies. 
PM10 and SPM levels at LTD and HTD sites 
were less than the respective limits in summer 
2001-02, in Lucknow. In some comparative 
studies of urban Lucknow and control (nearby 
village), low levels of PM10 and SPM (73.1 
and 196.3 μg/m3) observed, were within the 
NAAQS limits. Another control site BBAU 
campus with low traffic density (55 vehicles/h) 
recorded PM10 and SPM (84.8 and 134.7 
µg/m3) within the NAAQS limits. However, at 
the same point, about 5 years later, in winter 
2011 with increased traffic volume (410 
vehicles/hour) recorded PM10 and SPM i.e. 
106.5 and 200.6 µg/m3, exeeded the NAAQS 
limits. A few studies referred in this 
manuscript recorded PM2.5 in the range of 76.0-
212.4 μg/m3 exceeded the limit of 60 μg/m3 

(NAAQS-2009) in the city. There is a huge 
seasonal variation observed in one of the 
studies, where, PM2.5 (45.6 and 39.8 μg/m3) 
was less than the limit of NAAQS-2009 in 
summer and monsoon, 2007. 
The level of particulate matter observed in 
Lucknow is in the similar range to that 
reported from the cities located in northern 
India. The monthly mean PM10 varied between 
42-200 μg/m3 with an annual arithmetic mean 
114.1 ± 81.7 μg/m3 during January, 2007 to 
December, 2008 in Delhi.30 At Haridwar 
annual PM10 and SPM levels were observed to 
be 132.97 and 393.37 μg/m3 during March 
2007- February 2008.31 The annual mean 
concentration (May 2006 to March 2008) at 
urban and rural area of Agra for PM10 was 
154.2 μg/m3 and 148.4 μg/m3 and for PM2.5 it 
was 104.9 μg/m3 and 91.1 μg/m3 respectively.32 
Annual average concentration of PM10 was 
recorded 126.5 ± 1.1 μg/m3 during July 2010-
December 2012 at Agra.33 Most of the cities 
and urban areas located in the northern region 
of India afflicted with high particulates level 
(more than 150 ug/m3).34-47 

Air pollution level is closely related with 
meteorological conditions. Lucknow city does 
not have a uniform weather throughout the 
year and experiences extreme summers and 
extreme winters with rainy season from mid-
June to mid-September (Table 1). Fog is quite 
common from late December to late January. 
Summers are very hot with dry winds. The 
concentrations of gaseous compounds were 
highly dynamic with significant seasonal 
variation characterized by high winter and low 
monsoon levels in Lucknow. The 
concentration of all the pollutants in city was 
in general more during winter followed by 
summer and least during the rainy season. This 
may be due to low wind speed, <5 km/h and 
high humidity during the winter season in 
comparison to other seasons. The stable 
atmospheric conditions hamper the vertical and 
horizontal turbulence for proper mixing of 
pollutants with upper air makes the air mass 
more stagnant. As a result, minimum 
atmospheric dispersion throughout the 
planetary boundary layer is observed in the 
study area. Fog formation during early winter 
morning dampens the air and increases in 
density, which results in accumulation of 
pollutants near the ground breathing zone 
concentration. Moreover, the lack of 
precipitation during winter months reduces the 
potential for wet deposition and associated 
cleansing mechanisms. Conversely, during 
monsoons, low pollutant concentrations can be 
ascribed to precipitation driven washout 
(especially for SO2 and NO2). Monsoon rains 
have the most dramatic effect in lowering the 
gaseous pollutant levels in the atmosphere. 
Despite low solubility of oxides of nitrogen in 
water, rains in the monsoon season effectively 
reduce their concentrations in the air. 
Increasing air pollution in the city to the 
existing levels can be attributed to the faster 
pace of development. The city has shown a 
phenomenal growth in its area over the years 
i.e. 143 sq km in 2001 to 310 sq km in 2011. 
Construction of ring road has opened the door 
for the development around the city. The 
Lucknow Development Authority has planned 
to develop the intervening open spaces to take 
advantage of the ring road. Real estate 
development  took  place through many private  
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developers. Census 2001 estimated the 
population of Lucknow 22.46 lakh in 2001, 
increased to 28.15 lakh in 2011. Also the city 
has shown approximately 10% growth in 
vehicular population over the last decade. It 
has 422188 (2000), 1107455 (2010) and 
1552695 (2014) registered vehicles traveling 
on roads as per Road Transport Office (RTO) 
Lucknow records. Along with vehicular traffic 
many commercial, industrial and other 
activities contributing towards the air pollution 
in the city.  
Lucknow has a complex mix of air pollution 
like any other urban centers. Huge quantity of 
fossil fuel is consumed in vehicles, railway 
engines, industries, generator set, domestic 
cooking and heating. Burning of petrol, diesel 
and CNG in vehicles, coal and furnace oil in 
industry, LPG, kerosene, wood, charcoal etc. 
for cooking are the major sources of air 
pollution in city. Traffic congestion due to 
large number of vehicles on narrow lanes and 
busy intersections and re-suspension of dust 
from road gives rise to variety of gaseous and 
particulate pollution. Industry at Lucknow with 
obsolete technology coupled with the absence 
of pollution control measures pollutes 
industrial areas located in different parts of the 
city. Festival, marriage, religious celebrations, 
games, political rallies, processions etc. 
generate pollution and fireworks also add to 
this. Activities of building and road 
construction, dumping and lifting of solid 
waste from road side open dumps, open 
burning of dry waste (leaves, rags, papers, tire, 
plastic material etc.) are amongst many other 
sources of pollution in the city. Since, most of 
the areas have residential, commercial and 
traffic and other activities, some or the other 
pollution source exist across the length and 
breadth of the city. 
All the observed values of PM2.5, PM10 and 
SPM, either for residential, commercial and 
industrial areas of Lucknow, were above their 
respective prescribed standard of NAAQS. The 
highest particulate levels were recorded at the 
busiest crossings with maximum traffic density 
and least at low traffic density area with 
minimum traffic load. Although industry and 
domestic sector also contribute to the city 
pollution, but automobile emissions from 

heavy traffic flow coupled with traffic jams on 
roads is the major contributor. One of the 
studies concluded that the variations in the 
concentration of PM10 are mainly due to 
commercial areas. The concentration of PM10 
found in the air of commercial areas was 
relatively high as compared to residential and 
industrial areas. The concentration of air 
pollutants PM10, SPM, SO2 and NOx found in 
the increasing order of village area (control) 
<industrial<residential<commercial area. The 
studies revealed that the area with lower traffic 
density has shown lower concentration of 
pollutants than those with higher traffic 
density. The high traffic density coupled with 
commercial activities resulted in high pollution 
levels in commercial areas of Lucknow. 
At elevated levels, all the pollutants including 
metals have adverse effects on human and 
environmental health. Accumulation of 
pollutants in the human body through 
inhalation of air is an important route. The 
results found in one of the studies in Lucknow 
showed that 24-h mean respirable particulate 
(PM2.5, PM10) were higher than the respective 
NAAQS 24 hourly standards of 60 and 100 
μg/m3 and may lead to the substantial burden 
of disease and premature death. Lipmann 
estimated that the mortality increased by 
approximately 1% for every 10 μg/m3 increase 
in PM10 concentration. Following the same 
assumption the mortality in residential and 
commercial area of Lucknow was estimated to 
be about 4.7 and 7.8% respectively. 
Concentration of SO2 and NOx in Lucknow 
was under NAAQS-2009 limit (80 μg/m3). 
However, several studeis reported that the 
gaseous pollutants are related with respirable 
deseases and reproductive and developmental 
effet even at low concentration. 
Changes in biochemical parameters in plant 
due to exposure to pollutants seems to be 
suitable marker of air pollution. In Lucknow 
SO2 and NOx were within the NAAQS limit 
but was enough to cause injury to plants. In 
plant leaves highest chlorophyll content was 
found in monsoon and least in winter  season. 
Higher level of pheophytin reduction was 
found in winter season in various plant species, 
when the pollution level was high. It was 
observed that the concentration of the air 
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pollutants at any site correlated with the 
number and type of vehicles. The increase in 
total flavonoids and total phenolics in some 
medicinally important plants by increasing 
pollution load validated their role as 
biomarkers of auto exhaust pollution. The 
impact of vehicle density and air pollution 
levels produced clear evidence of significance 
reduction in biomass of some plant species. 

CONCLUSION 
Lucknow has witnessed significant growth 
during the last one and half decades and 
recorded similar trends of air pollution to other 
cities located in northern Indo Gangetic plains 
of India. During 2001-2011, city recorded a 
growth of approximately 117, 25 and 160% in 
terms of area, population and number of 
vehicles. The present review, based on the 
studies conducted in Lucknow, identified 
particulate matter as the main air pollutant in 
the city. Most of the time particulate fractions 
(PM2.5, PM10, SPM) exceeded the NAAQS 
limits. Gaseous pollutants sulphur dioxide and 
nitrogen dioxide although remained within the 
NAAQS limits, but were high enough to cause 
substantial damage to human and plant health. 
The pollution levels in the city have increased 
in time and space. High traffic densities and 
abnormal meteorological factors adversely 
influenced the ambient air quality of  
Lucknow. Degraded air quality has adverse 
effects on building, materials, human health 
and plants. Historical monuments and 
materials surface get decolorized and degraded 
due to air pollutants.  
The reviewed papers suggested that the 
inhalation of polluted air induces irritation of 
respiratory tract and may lead to accumulation 
in human body. Air pollutants exposure may 
lead to the substantial burden of disease and 
premature death. Number and mass 
concentration, shape, size, composition of 
particulates and presence of co-pollutants 
determines their detrimental effects. The 
estimated high values of excess cancer risk for 
metals associated with PM10 and PM2.5 in a 
study suggest the potential risk to cancer. Fine 
particulates less than 2.5 micron are the 
carriers of metals and are loaded with reactive 
species including PAHs which can pierce the 

alveoli and diffuse into the blood system, 
transported to other organs and may cause 
systemic poisoning. 
Studies at Lucknow reported high air pollution 
in high traffic density zones than the control 
sites with low traffic density. Plants in general 
are exposed to ambient air pollution but 
roadside plants are exposed to extreme level of 
air pollutants. Several research studies 
indicated the impact of automobile exhaust on 
roadside vegetation, i.e. in the form of visible 
and invisible effects. During winter season at 
commercial locations where air pollution level 
was high, higher stress on plant was observed. 
Studies in Lucknow also confirmed changes in 
biochemical parameters in plant due to 
exposure to gaseous pollutants. 

RECOMMENDATIONS 
India needs to generate regular information on 
the ambient concentration levels of repairable 
particulates and take urgent steps to control 
their emissions. There is an urgent need to 
adopt suitable strategies for air quality control 
to improve urban air quality. Epidemiological 
studies should be taken up to show how 
ambient air pollution is affecting people’s 
health and quantify this information in order to 
provide policy tools for air quality planning. 
Exposure to air pollutants is largely beyond the 
control of individuals and requires action by 
public authorities at the national, regional and 
local levels.  
City’s proposed master plans of 2021 and 2031 
have envisaged expansion of the city up to 
proposed new ring road of about a length of 
150 km. The estimated population of city 
would be about 45 lakh by 2021. Development 
in the outskirts of the city will put pressure on 
its central zone. While there will be a real 
estate boom on the one hand, there will be a 
growth in slum conditions on the other. The 
increase in transport demand, particularly in 
central zone, will result in increased air 
pollution in the city. Environmental aspects are 
needed to be considered while planning the 
expansion and development of the city. 
Sufficient open space in the form of parks, 
multilane roads able to accommodate the 
growing traffic load, flyovers on busy 
crossings, multilevel parking, phasing out of 
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very old vehicles could be some of the steps to 
stop further deterioration of the cities air 
quality. Lucknow has witnessed some 
improvement in this regard. The latest 
development is the introduction of metro rail 
connecting airport and railway station through 
north-south and east-west corridor to the 
different parts of the city. The metro stations 
will be connected to adjoining areas by local 
public transport. Availability of swift public 
transport would reduce personal vehicles on 
roads and intern air pollution load, due to this 
major contributor in city pollution. 
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