J. Ecophysiol. Occup. HIth. 14(1 & 2) (2014) 32-47
® 2014 The Academy of Environmental Biology, India

Seasonal Dynamics in Air Quality Index and its Role in Pollution
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Abstract: Alteration pattern of Air Quality Index with changing seasons, was studied and air monitoring was
carried out at different road intersections selected in the trans-Gomti, central and southern regions of the
Lucknow city. On the basis of levels of different pollutants in the ambience, the Air Quality Index was calcu-
lated to categorize the sites from very clean to polluted range. The air Quality Index data showed that the
central region of the city was maximally polluted with auto-exhaust emission, followed by trans-Gomti region,
while the southern region was minimally polluted. A marked seasonal variation pattern was also observed in
the AQI being maximum in the winter season, followed by summer and the least in the rainy season. With
the help of AQI, a pollution map of Lucknow city was prepared for the first time with different colour shades

indicating the levels of air pollution in different localities.
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Introduction

Air pollution caused by motor vehicles is
indeed a serious problem in major cities. This
problem is rapidly growing with increasing
number of vehicles on the roads. The inces-
santly increasing size of urban areas in India
and haphazard growth of work places and
residential areas in large cities need more and
longer commution trips. The growing situation
results in higher energy consumption and also
higher emission of air pollutants by vehicles.
Inadequate attention has been given so far
to public transportation in India, which has
resulted in a dramatic growth of private vehi-
cles, causing more environmental problems.
In Lucknow city alone, the vehicular popu-
lation has augmented many folds in recent
years. It was 0.38 million in 1998 and has now
exceeded 0.6 million in 2003. In most urban
centres, private mode of transportation, unfor-
tunately, continues to form the predominant
transport system. This situation is likely to
subsist for a number of years to come, giving
rise to traffic congestion, higher energy costs
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and alarming atmospheric pollution, unless we
strengthen the public transport facilities.About
the vehicular pollution, the expert committees
report of World Health Organization (WHO,
1969) has specially mentioned the case of
India that while the vehicular population in
India may be small as compared to those in
more advanced western nations, the envi-
ronmental pollution problem is quite formida-
ble due to a predominance of old and poorly
maintained vehicles, narrow roads, poor tech-
nology and high weight and H.P. ratio.

Most common air pollutants in the urban envi-
ronment are sulfur dioxide, nitrogen dioxide
carbon monoxide, suspended particulate mat-
ter (SPM) and ozone (D’Amato, 1999). Out of
which, SPM is of greatest concern, as it con-
tributes 50% to total air pollution load (Fuller,
1974) and causes respiratory disorders in
human beings on prolonged exposure. A few
sporadic studies have been carried out on the
assessment of air quality in different cities.
Joshi (1998) carried out the monitoring of res-
pirable suspended particulate matter (RSPM)
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and total suspended particulate matter (TSPM)
in the core city area of Indore (Madhya Pradesh,
India) and found higher RSPM and TSPM lev-
els at about all the selected road intersections
as compared to the prescribed standards of
CPCB, New Delhi. NO, and SO, are the two
primary gaseous pollutants, which also contrib-
ute to acidic deposition in terrestrial ecosystem
as dry deposited gases or in dissolved form in
precipitation (Cox, 2003). In aerosol form, they
also impact visibility. NO,, on the other hand is
a precursor for the formation of photochemical
oxidants, which directly affect human health
(Aneja et al., 2001). Sivacoumar et al. (2001)
carried out the NOx monitoring at Jamshed-
pur - an industrial city of Jharkhand state and
concluded that the industries contributed 53%,
domestic sources about 7%, while automo-
bile accounted for 40% of NOx pollution in the
region. In another study conducted by Samanta
et al. (1998), air monitoring of Calcutta city was
carried out for different air pollutants and was
compared with those of important cities of the
India and world. It was observed that the pollu-
tion level of Calcutta was much higher than that
of WHO limits and was also much greater than
other metro cities of India and world. Similarly,
the results of a study, carried out by Chaaban
et al. (2001) at Beirut, Lebanon, revealed the
seriousness of air pollution problem in the city.
Gaseous pollutants, such as SO,, NO, and O,,
have detrimental effects of varying magnitude
on wheat, mustard, mung and palak plants
depending upon individuals pollutant concen-
tration, in combination, plant species and sea-
sons (Agrawal et al., 2003).

Air quality index (AQI) is an indexing system
developed to assess the air quality in different
localities. This tool is used to inform the public
about air pollution levels in a particular loca-
tion, and its associated health effects. This
helps the government to take remedial meas-
ures well in time when the air pollution reaches
alarming levels in a locality or region.The study
was carried out with the objective to observe
the changes in AQI with changing seasons and
also to demonstrate the role of AQI in pollution
mapping of any city or industrial agglomeration.
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Materials and Methods

The Lucknow city is situated between 26°52'N
latitude and 80°56'E longitude and 120 m
above the sea level in the central plain of the
Indian sub-continent. It is the capital of Uttar
Pradesh and one of the largest and highly pop-
ulous states of India. The city area is spread
over an area of 79 km? and has a population
of more than 1.7 million. It has distinct tropical
climate with a marked monsoonal effect. The
year is divided into 3 distinct seasons i.e. sum-
mer (March to June), rainy (July to October) and
winter (November to February). The tempera-
ture ranges from a minimum of 5°C in winter
to a maximum of 45°C in summer. The mean
average relative humidity is 60% and rainfall
100.68 mm. The meteorological data of the
study site during measurement period have
been presented in Table 1.

In order to evaluate the present status of the
ambient air quality of Lucknow city, the whole
city was divided in to three geographical
regions i.e. trans-Gomti, central and southern
regions. In each region, different road intersec-
tions, representing low to high traffic density,
were selected for the purpose of air monitoring
in different seasons. In the trans-Gomti region,
12 sites were selected as Kukrail forest picnic
spot, Chhanilal crossing, HAL crossing, Gomti
nagar police station intersection, Badshah
nagar intersection, Vikas nagar intersection,
Engineering college crossing, Picup bhawan
intersection, Purania crossing, Munshipulia
crossing, Sitapur road intersection and IT
crossing and designated as T1, T2, T3, T4, T5,
T6,T7, T8, T9, T10, T11 and T12, respectively
for convenience. Likewise, in the central region
also, 10 road intersections were selected
as National Botanical Garden, Jopling road
intersection, Aishbagh crossing, Aminabad
crossing, Medical college crossing, Charbagh
crossing, Kaiserbagh crossing, Hussainganj
crossing, Hazaratganj crossing, and Parivartan
square and identified as C1, C2, C3, C4, C5,
Co6, C7, C8, C9 and C10, respectively. Simi-
larly, Ashiyana intersection, Sadar crossing,
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Table 1 Metrological conditions of Lucknow city during
the study period.

Mean temperature °C | Mean Mean
Month tptal numper
Daily Daily rainfall | of rainy
minimum | maximum | (Mm) days
January 6.9 22.6 219 1.6
February 9.3 26.0 1.2 1.1
March 14.2 322 7.7 0.7
April 205 38.1 49 05
May 247 405 16.5 1.0
June 2741 38.7 107.4 42
July 26.1 336 2943 11.6
August 256 325 3139 13.1
September 24.3 33.0 180.6 74
October 19.0 325 452 20
November 1.8 289 38 03
December 74 241 73 0.7

Anand nagar crossing, Telibagh crossing, Cantt
road intersection and Alambagh crossing were
selected as sites in southern region for air pol-
lution monitoring. These sites were designed
as S1, S2, S3, S4, S5 and S6, respectively.
The meteorological data of the study site dur-
ing measurement period have been presented
in Table 1.

A dichotomous high volume sampler (Enviro-
tech make — APM460), especially designed to
filter coarser particles (larger than 10 m size)
from air stream on 0.5 m pore size whatman
GF/A filter paper, was used for monitoring of
Suspended Paticulate Matter (SPM). For gas-
eous pollutants, an attachment device (make
APM 411) with the high volume sampler was
used to bubble air in glass impingers filled with
absorbing solutions for monitoring of differ-
ent gaseous pollutants like SO,, NO, and O.,.
During air monitoring, air stream was drawn in
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the impingers on the roadside from the respir-
able zone i.e. a height of 1.5 meter above the
ground. The gaseous samples were collected
by bubbling air in glass impingers filled with 25 ml
of different absorbing solutions for different air
pollutants i.e. potassium tetra chloro mercurate
(TCM) for SO,, sodium hydroxide — sodium
arsenite solution for NO, and potassium iodide
solution for O,, at the flow rate of 1.5 L/min. The
samples were brought to the laboratory and
analysed within reasonable time, following the
standard methods i.e. West and Gaeke (1956)
method for SO,, Jacobs and Hochheiser (1958)
for NO, and Byers and Saltzman (1958) for O,.

Air quality index was calculated, following the
method of Verma et al. (2003) and on the basis
of AQI, quality of ambient air in different locali-
ties was adjudged. Firstly, air quality rating of
each parameter used for monitoring is calcu-
lated separately by the formula as under:

q=100x VIV,

where g stands for quality rating, V stands
for observed value of the parameter and V,
for standard value recommended for that
parameter.

If total ‘n’ no of parameters were considered
for air monitoring, geometric mean of these ‘n’
number of quality ratings is calculated in the
following way:

(loga+logb+logc+~+log x)
g = anti—log n
where g = geometric mean, a, b, ¢, d, x = dif-

ferent values of quality rating, n = numbers of
values of quality rating, log = logarithm.

A relationship between the concentration of dif-
ferent pollutants and traffic density was calcu-
lated statistically with the help of coefficient of
correlation (Gomez and Gomez, 1984).

Results and Discussion

The ambient levels of gaseous and particulate
pollutants in different localities of trans-Gomti,
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central and southern regions of Lucknow city in
different seasons have been reflected in Tables
2-4. Air monitoring data indicate a wide vari-
ation in the levels of gaseous and particulate
pollutants in different localities of trans-Gomti
area of the city in different seasons. Among
the 12 road transactions where the air monitor-
ing was undertaken, the air was contaminated
maximum with both gaseous and particulate
pollutants at site T12, while at site T1, the air
was least polluted. At other sites, the pollut-
ant levels varied between these two extremes,
depending upon the vehicular traffic density,
type of vehicles and the location.

It was observed that during winter and summer
seasons, SPM level was higher than the per-
missible limit of 200 ug/m?3at all the sites except
at site T1 and ranged between 80.28 to 995.30
pg/m3 (Tables 2 and 3). The highest SPM level
i.e. 995ug/m?® was recorded during winter sea-
son at the site T12 with the maximum traffic
density (6723 vehicles/h). However, during the
rainy season, the SPM level was reduced sig-
nificantly at all the selected sites of trans-Gomti
region (Table 4). The ambient range of SPM
load during this season was from 60.09 ug/m3
at site T1 to 641.22ug/m? at site T12. Except at
4 sites T1, T2, T4 and T8, where the SPM level
was found below the permissible limit of 200 ug/
m? (60.09, 189.87, 198.34 and 183.54 pg/m3,
respectively), it was alarmingly higher at other
sites than the permissible limit fixed by CPCB.

As far as the atmospheric concentration of
gaseous primary pollutants was concerned,
SO, and NO, levels were also maximum i.e.
41.92 and 38.24 ug/m3, respectively, at site
T12 during the winter season, while SO, was
not detected and NO, was measured only
3.20 pg/m? at site T1 during the rainy season
(Tables 2 and 4). It was interesting to note that
at no site, the level of SO, or NO, was higher
than the permissible limit of 60 pg/m® fixed
by the CPCB for residential-cum-commercial
area. However, O,, which is a secondary pollut-
ant, did not show any specific seasonal pattern
in its concentration, but its concentration was
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generally higher in the summer season. The
range of O, concentrations was between
3.87ug/m?® (at site T2) and 28.59 pg/m?® at site
T8 during summer season (Table 3). Thus, it
appears that the levels of gaseous pollutants
were not alarming at any site in the trans-Gomti
area even in winter season, when the concen-
trations of these pollutants were maximum.

In central region of Lucknow city, the maximum
air contamination, with both particulate and
gaseous pollutants in all the seasons, was at
the site C9, while minimum contamination was
noted in the premises of site C1 (NBRI). At other
sites, the pollution levels varied between these
two extremes, depending upon the traffic vol-
ume and type of vehicles. It was observed that
in all the seasons, the SPM level was higher
than the threshold limit at all the sites except
site C1 (during all the seasons) and site C2
(during rainy season only). The SPM level in
central region of Lucknow city ranged between
105-1005 pg/m? (Tables 2 and 4). The highest
SPM level (1005.63 pug/m3, during winter sea-
son) was recorded at site C9 with a traffic load
of 7164 vehicle/h (5669 and 1495 vehicles/h
for petrol and diesel vehicles, respectively)
(Table 2), whereas lowest SPM level (105.48
pug/m?, during rainy season) was recorded at
the site C1 away from the main road (Table 4).

As far as atmospheric level of primary gaseous
pollutants was concerned, SO, and NO, levels
were recorded maximum at site C9 (80.52 ug/
m3) and site C10 (35.87 pg/m?®), respectively,
during winter season (Table 2) and minimum
concentrations in the air-shed of central region
were measured at site C1 (4.96 for SO, and
8.26 pg/m® for NO,) during the rainy season
(Table 4). The range of O, concentration in
the ambient air of central region was between
2.05 to 26.58 ug/m® with a maximum value at
site C10 during the winter season and a mini-
mum value at site C3 during the rainy season
(Tables 2 and 4).

Tables 2-4 also reflect the ambient air quality
in southern region of Lucknow city. Site S6,
which is a commercial-cum residential area
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Table 2 Vehicular traffic density and pollution level in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6)

regions of Lucknow city in winter season.

Sites Traffic density (vehicles/hour)? SO, NO, o, SPM
Diesel Petrol Total (ug/m?) (ug/m?) (ug/m?) (ug/m?)
T1 4216 1041 5247 Nd° 4.29 20.00 150.00
T2 1639164 160+31 1799+95 26.50 14.03 4.39 444 40
T3 1437459 390+31 182790 26.32 25.08 4.87 438.80
T4 656144 97+11 75355 24.58 16.66 9.79 287.03
T5 2657160 32130 2978490 34.52 16.57 4.87 458.00
T6 546431 17719 72350 26.51 18.50 22.93 495.37
T7 497+33 32137 81870 20.00 26.73 14.14 671.29
T8 2289472 363122 2652+94 38.48 21.66 27.56 427.70
T9 173062 166+27 1896489 26.39 23.50 18.78 643.50
T10 917450 44033 135783 34.42 29.38 20.75 430.54
T11 136963 703146 20724109 35.46 26.13 23.68 550.92
T12 4552+190 2171489 67231279 41.92 38.24 13.90 995.30
C1 NA NA¢ NA 8.26 12.05 15.20 189.25
C2 488+18 3447 522+25 12.38 11.64 11.23 312.52
C3 1657+41 2446 1861147 41.40 11.37 5.61 424.56
C4 734429 304+18 1041447 28.29 19.40 6.83 452.10
C5 1005+36 504138 1509474 52.02 18.40 11.14 602.31
Cé 75932 990+40 1749472 47.08 33.37 16.95 958.55
C7 4242479 67730 4919+109 70.5 13.58 23.41 896.38
C8 3968+96 81236 47804132 68.26 35.34 20.02 724.49
C9 5669+126 149547 7164+173 80.52 35.87 18.26 1005.63
C10 7698+124 1680169 93784193 76.85 41.09 26.58 912.50
S1 357116 34+3 39119 18.72 16.55 8.26 160.00
S2 278+19 4245 320+24 20.86 18.29 5.91 168.62
S3 87522 6145 936127 22.88 21.95 2.00 224.20
S4 134554 189116 1534470 30.24 22.51 16.56 380.64
S5 1569163 21918 1788481 38.51 22.90 22.02 498.53
S6 1807160 341123 2148483 41.10 26.58 17.02 589.65

@Values are mean = S.D. (n = 5).

®Nd = Not detected.
°NA = Not Available.
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Table 3 Vehicular traffic density and pollution level in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6)
regions of Lucknow city in summer season.

Sites Traffic density (vehicles/hour)? SO, NO, 0, SPM
Diesel Petrol Total (Mg/m?) (Mgim?) (ug/m?) (Mg/m?)
T1 5046 31 53+7 Nd® 09.58 28.54 80.28
T2 1758452 195416 195368 2512 15.28 03.87 348.52
T3 1289154 451439 1640493 25.28 20.54 12.85 587.98
T4 714439 10249 81648 23.58 12.35 10.28 349.75
T5 228078 28620 2566+98 35.85 15.08 14.52 648.34
T6 550422 165418 71540 27.54 15.82 19.85 359.18
T7 512440 295420 80760 21.85 37.45 11.37 784.46
T8 2560481 412434 2972+115 40.00 20.23 28.59 312.12
T9 1697168 257421 1954+89 22.86 22.52 22.78 487.29
T10 892+42 485+19 137761 40.43 30.25 15.83 512.45
T11 1562460 785429 2347489 30.28 25.84 20.41 780.27
T12 4268+89 1529455 5797+144 39.29 29.22 18.27 957.59
C1 NA NA NA 8.12 10.03 16.00 170.49
C2 512421 8416 59627 10.12 10.52 16.32 360.25
C3 1509450 58+6 156756 36.58 10.56 4.56 386.49
C4 85230 38515 1237145 20.15 15.23 6.52 300.28
C5 1112430 548+35 166065 47.25 13.21 6.42 628.08
C6 813126 824+47 163773 41.32 32.22 12.65 900.58
C7 4085463 598432 4683195 64.34 22.85 12.38 798.64
C8 3825489 1005%31 4830+120 65.08 30.98 21.09 618.53
C9 5284+102 | 1500442 6784+144 78.92 32.85 17.96 995.85
C10 75424118 | 138070 8922+188 74.23 39.85 25.25 924.16
S1 32119 2942 350+ 11 19.51 15.29 4.92 149.34
S2 286+19 3843 324422 20.42 17.31 6.85 159.65
S3 81620 54+4 870+24 21.98 19.86 5.06 222.75
S4 130058 157412 145770 28.96 21.89 11.96 359.48
S5 1492160 194+16 168676 30.09 2148 28.44 442.98
S6 165056 312421 1962477 39.27 2498 15.82 548.52

dValues are mean = S.D. (n = 5).
®Nd = Not detected.
°NA = Not Available.
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Table 4 Vehicular traffic density and pollution level in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6)
regions of Lucknow city in rainy season.

Sites Traffic density (vehicles/hour)? SO, NO, o, SPM
Diesel Petrol Total (Mg/m?) (ug/m®) (ug/m?) (Mg/m?)
T1 2343 2+1 2544 Nd° 3.20 15.86 60.09
T2 126521 15112 1416433 18.96 9.64 5.23 189.87
T3 102468 320116 1344184 12.36 11.80 6.59 312.12
T4 497+11 10048 597+19 15.78 8.26 5.94 198.34
T5 2058+71 219412 2277483 28.95 9.22 8.26 416.38
T6 428+12 150%15 578+27 16.85 9.54 11.24 248.84
T7 318111 284+19 602+30 12.58 21.05 6.82 518.95
T8 1892+68 320116 2212484 28.54 13.08 14.29 183.54
T9 1492+33 148114 1640447 19.52 15.27 13.50 286.20
T10 802+27 321+18 1123445 30.00 30.25 11.00 214.85
T 1257+40 615426 1872466 21.53 19.82 9.18 487.28
T12 4025+84 1582443 56071127 35.42 27.46 12.05 641.22
C1 NA® NA NA 4.96 8.26 10.85 105.48
C2 312417 8417 396424 6.39 5.28 15.05 180.25
C3 1284143 8115 1365448 25.54 10.56 2.05 278.52
C4 575+24 324+16 899+40 21.08 18.26 215 198.71
C5 868+23 248+29 1116152 34.71 11.28 2.59 451.00
C6 619+39 487+43 1106482 26.05 20.20 10.24 484.42
C7 3452+68 58629 4038497 36.52 20.64 10.07 512.44
C8 2102473 516422 2618495 48.38 24.86 15.28 357.61
C9 3852+84 689+39 45414123 60.53 29.40 20.02 700.18
C10 7219+101 1325463 85441164 62.53 34.18 18.12 681.28
S1 31448 2143 33511 14.56 11.82 3.58 132.56
S2 295+19 3043 325422 19.42 14.71 4.68 140.26
S3 79421 5115 845426 18.25 12.96 4.84 200.51
S4 1262454 140412 1402466 20.51 16.52 8.52 300.52
S5 148562 148+14 1633176 29.998 18.24 21.86 214.86
S6 1621152 284120 190572 22.08 20.08 16.38 458.62

dValues are maen = S.D. (n = 5).
®Nd = Not detected.
°NA = Not Available.
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of the southern region, was found to be maxi-
mally contaminated with both particulate and
gaseous pollutants, while site S1, which is a
purely residential open spaced colony, was
least polluted with these pollutants. During all
the seasons, it was observed that particulate
pollution level (SPM level) at sites S3, S4, S5
and S6 was higher than the permissible limit,
whereas, at rest of the sites, i.e. S1 and S2, the
SPM level was below the threshold limit. The
range of SPM levels in the southern region of
Lucknow city was between 132.56 and 589.65
ug/m? (Tables 2 and 4). The highest SPM level
was recorded during the winter season at site
S6 (589.65 ug/m?) with a traffic density of 2148
vehicles/h (1807 for petrol and 341 for diesel)
(Table 2) and the lowest SPM level was noted
during the rainy season at site S1 (132.56 pug/m?)
with a traffic load of 335 vehicles/h (314 for pet-
rol and 21 for diesel) (Table 4).

Similarly, SO, and NO, levels were also
recorded maximum i.e. 41.10 and 26.58 g/
m3, respectively, at site S6 during the winter
season (Table 4) and minimum (14.56 and
11.82 pg/m3, respectively) in the ambient air at
site S1 during the rainy season (Table 4). As
far as the concentration of O, is concerned, no
specific trend was observed as in other regions
with respect to vehicular traffic volume. The
range of O, concentration in the ambient air of
southern region was between a lowest of 2.0
ug/m? at site S3 during the winter season and
a highest of 28.44 ug/m? at site S5 during the
summer season (Tables 2 and 3).

Levels of SO,, NO,, O, and SPM at differ-
ent sites selected in three different regions
of Lucknow city clearly indicated a pattern of
seasonal variation. It was observed that the
concentrations of these pollutants were at their
peak during the winter season and minimum
during the rainy season at all the road intersec-
tions. At the most polluted site of trans-Gomti
region i.e. site T12, the concentration of SO,
was found to be 41.92 in winter season, 39.29
in summer season and 35.42 ug/m?in rainy
season, the NO2 concentrations was 38.24 in
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winter season, 29.22 in summer season and
27.46 ng/m?in rainy season and SPM concen-
tration was 995.30 pug/m?® during winter sea-
son, 957.59 ug/m3 during summer season and
641.22 pg/m® during rainy season. However,
O, concentration was 18.27 in summer sea-
son, 13.90 in winter season, and 12.05 pug/m?3
in rainy season (Table 2-4).

A decline in the concentrations of individual pol-
lutants from winter to rainy seasons has been
noted at different selected sites in 3 regions of
Lucknow city. It was noted that in trans-Gomti
region, maximum decrease in SO, level was
at site T3 (53%); in NO, at site T3 (53%) and
in SPM at site T8 (57%), whereas, minimum
decrease in SO, NO, and SPM pollutants
was of the order of 12.8% (at site T10), 2.1%
(at site T10) and 9% (at site T5), respectively.
In central region, the significant decrease in
these pollutants observed was 48.4% (at site
C2) for SO,, 54.6% (at site C2) for NO, and
50.6% (at site C8) for SPM, whereas a moder-
ate decrease was noted in the order of 18.6%
(for 8O,), 5.8% (for NO,) and 25.1% (for SPM)
at sites C10, C4, C5, respectively. Likewise, in
the southern region, a remarkable decrease in
S0O,, NO, and SPM levels was noted at site S6
(46.3%), site S3 (4.10%) and site S5 (56.6%),
respectively and a moderate decline in SO,,
NO, and SPM was observed at site S2 (7.0%),
site S2 (19.5%) and site S3 (10.5%), respec-
tively. No specific trend in decline of ozone con-
centration was observed with respect to differ-
ent seasons. In this study, the different localities
of three selected regions of Lucknow city were
categorized on the basis of AQIl as presented in
Tables 5-7. Apart from it, season-wise AQI was
also calculated to categorize the different sites
in three regions of the Lucknow city. In trans-
Gomti region, a maximum index value (68.42)
was observed for site T12 during winter season
(Table 5), whereas minimum index value (2.77)
was noted for site T1 during rainy season (Table
7). On the basis of AQI, the quality of ambient
air in different localities was adjudged and it was
found that during winter season, the site T1 was
of very clear category; sites T2, T3, T4, T5, T6
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and T7 came under fairly clean category, while,
sites T8, T9, T10, T11 and T12 were moderately
polluted (Table 5). During summer season, the
site T1 was very clean, sites T2, T3, T4, T5,
T6, and T9 were under fairly clean category,
and under moderately polluted category, were
placed sites T7, T8, T10, T11 and T12 (Table 6).
In the same way, during rainy season, again site
T1 was found to be very clean; sites T2, T3 and
T4 were under clean category; sites T5, T6, T7,
T8, T9, T10 and T11 were put under fairly clean
category and only one site i.e. T12, fell under
moderately polluted category (Table 7). In order
to find out the relationship between AQI and
traffic density at different sites of trans-Gomiti
region, a coefficient of correlation was calcu-
lated between these two variables and a value
of R? =0.58 (p > 0.05) was found for winter sea-
son, R? = 0.59 (p > 0.05) for summer season
and R? = 0.76 (p > 0.05) for rainy season.

Seasonal AQI of central region of Lucknow city
was also calculated and data were presented
in Tables 4-6. It was observed that the site C10
showed the maximum index value (93.00) dur-
ing the winter season (Table 5), whereas, the
minimum index value (14.63) was observed at
site C1 during the rainy season (Table 6). On
the basis of AQlI, air quality of different localities
was assessed, which reflected that during win-
ter season, site C1 was under clean category;
sites C2, C3, C4 and C7 were under fairly clean
category; sites C5 and C6 were moderately
polluted; whereas, sites C8, C9 and C10 were
polluted ones (Table 6). In the summer season,
site S1 was again under clean category; sites
C2 C3, C4 and C5 were fairly clean; sites C6,
C7 and C8 were under moderately polluted cat-
egory; whereas, C9 and C10 were placed in
the polluted category (Table 6). However, dur-
ing the rainy season, the situation has changed
drastically. The sites C1, C2, C3 and C4 fell
under clean category, sites C5, C6 and C7 were
found to be fairly clean and sites C8, C9 and
C10 were under moderately polluted category.
Interestingly, during rainy season, no site was
found to be under polluted category in con-
trast to winter and summer seasons (Table 7).
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In central region also, a coefficient of correla-
tion was calculated between AQI and the traffic
density, which gave a relationship of R? = 0.85
(p >0.01) in winter season, R?=0.92 (p > 0.01)
in summer season and R? = 0.88 (p > 0.01) in
rainy season.

Likewise, on the basis of the concentrations of
different pollutants in the air-shed, air quality
index (AQI) of southern region was also calcu-
lated and different sites of this region were also
placed into different categories (Tables 5-7).
The maximum value of AQI was noted for site
S6 (57.20) during the winter season (Table 5),
while the minimum value (16.81) was observed
for site S1 during the rainy season (Table 7).
At other sites, the index values varied between
these two extremes. During the winter season,
sites S2 and S3 were under clean category;
sites S1 and S4 were under fairly clean cat-
egory; whereas, sites S5 and S6 were found
to be moderately polluted (Table 5). Likewise,
during the summer season, sites S1 and S2
were under clean category; sites S3 and S4
were under fairly clean category; whereas,
sites S5 and S6 were kept under moderately
polluted category (Table 6). However, during
the rainy season, sites S1, S2 and S3 were
placed under clean category and sites S4, S5
and S6 were under fairly clean category (Table 7).
There was no site placed under moderately
polluted category in the rainy season. The
correlation between the air quality index and
vehicular traffic volume in southern region was
calculated as R?=0.93 (p > 0.01) in winter sea-
son, R? = 0.95 (p > 0.01) in summer season
and R?=0.96 (p > 0.01) in rainy season.

On average basis, in the trans-Gomti region,
the kukrail forest picnic spot (SO,, Not detected;
NO,, 5.69; O,, 23.47 and SPM, 96.79 pg m?)
and IT crossing (SO,, 38.88, NO,, 31.64; O,,
14.74 and SPM, 864.70 ug m?) were found to
be the minimally and maximally polluted; in the
central region, Pariwartan sqare (SO,, 71.20;
NO,, 38.37; O,, 23.32 and SPM, 839.31 ug m?)
was highly polluted, while the NBRI (SO, 7.11,
NO,, 10.11; O,, 14.02 and SPM, 155.07 ug m?)
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Table 5 Site-wise categorization of air quality in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6) regions

of Lucknow city on the basis of Air Quality Index? during the winter season.

Quality rating
Sites Air quality index Air quality category
SPM SO, NO, 0,

T 75 Nd° 5 25 9.89 Very clean

T2 222 33 18 5 28.52 Fairly clean

T3 219 33 31 6 33.52 Fairly clean

T4 144 31 21 12 32.74 Fairly clean

T5 229 43 21 6 33.51 Fairly clean

T6 248 33 23 29 48.46 Fairly clean

T7 336 25 33 18 47.35 Fairly clean

T8 214 48 27 34 55.59 Moderately polluted

T9 322 33 29 23 51.89 Moderately polluted
T10 215 43 37 26 58.26 Moderately polluted
T 275 44 33 30 58.25 Moderately polluted
T12 498 52 48 17 68.42 Moderately polluted

C1 95 10 15 19 22.99 Clean

C2 156 15 15 14 26.51 Fairly clean

C3 212 52 14 7 32.35 Fairly clean

C4 226 35 24 9 35.86 Fairly clean

C5 301 65 23 14 50.04 Moderately polluted

C6 479 59 42 21 70.66 Moderately polluted

c7 448 88 29 4 4719 Fairly clean

C8 362 85 44 25 76.45 Polluted

C9 503 101 45 23 84.82 Polluted

C10 456 96 51 33 93.00 Polluted

S1 80 23 21 10 25.15 Clean

S2 84 26 23 7 2468 Clean

S3 112 29 27 3 21.66 Clean

S4 190 38 28 21 45.24 Fairly clean

S5 249 48 29 28 55.45 Moderately polluted

S6 295 51 33 21 57.20 Moderately polluted

2AQI < 10, very clean; 10-25, clean; 25-50, fairly clean; 50-75, moderately polluted; 75-100, polluted; 100-125 heavily polluted and =125,
severely polluted (Mudri, 1999).

®Nd = Not detected.
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Table 6 Site-wise categorization of air quality in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6) regions
of Lucknow city on the basis of Air Quality Index? during the summer season.

Quality rating
Sites Air quality index Air quality category
SPM SO, NO, 0,
T 40 Nd° 12 36 7.65 Very clean
T2 174 31 19 5 26.60 Fairly clean
T3 294 32 26 16 44.24 Fairly clean
T4 175 29 15 13 31.79 Fairly clean
T5 324 45 19 18 47.21 Fairly clean
T6 180 34 19 25 41.73 Fairly clean
T7 392 27 47 14 51.66 Moderately polluted
T8 156 50 25 35 51.53 Moderately polluted
T9 244 29 28 28 48.60 Fairly clean
T10 256 51 38 20 55.79 Moderately polluted
T 390 38 32 26 59.06 Moderately polluted
T12 479 49 37 23 66.55 Moderately polluted
C1 85 10 13 20 21.58 Clean
C2 180 12 13 20 27.96 Fairly clean
C3 193 46 13 6 28.55 Fairly clean
C4 150 25 19 8 27.67 Fairly clean
C5 314 59 17 8 39.59 Fairly clean
C6 450 52 42 16 62.51 Moderately polluted
c7 399 80 29 15 61.38 Moderately polluted
C8 309 81 39 26 71.19 Moderately polluted
C9 498 99 41 22 82.03 Polluted
C10 462 93 50 32 90.61 Polluted
S1 75 24 19 6 21.51 Clean
S2 80 26 22 9 2478 Clean
S3 111 27 25 6 26.32 Fairly clean
S4 180 36 27 15 40.39 Fairly clean
S5 221 44 27 36 55.18 Moderately polluted
S6 274 49 31 20 53.60 Moderately polluted

2AQI < 10, very clean; 10-25, clean; 25-50, fairly clean; 50-75, moderately polluted; 75-100, polluted; 100-125 heavily polluted and =125,
severely polluted (Mudri, 1999).
®Nd = Not detected.
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Table 7 Site-wise categorization of air quality in trans-Gomti (T1-T12), central (C1-C10) and southern (S1-S6) region of
Lucknow city on the basis of Air Quality Index? during the rainy season.

Quality rating
Sites Air quality index Air quality category
SPM SO, NO, 0,
™ 30 Nd° 4 20 2.77 Very clean
T2 95 24 12 7 20.60 Clean
T3 156 15 15 8 23.26 Clean
T4 99 20 10 7 19.67 Clean
T5 208 36 12 10 30.77 Fairly clean
T6 124 21 12 14 25.74 Fairly clean
T7 259 16 26 9 30.93 Fairly clean
T8 92 36 16 18 31.27 Fairly clean
T9 143 24 19 17 32.56 Fairly clean
T10 107 51 38 13 40.98 Fairly clean
™ 244 27 25 " 36.95 Fairly clean
T12 321 44 34 15 52.04 Moderately polluted
C1 53 6 10 14 14.63 Clean
C2 90 8 7 19 17.29 Clean
C3 139 32 13 3 19.69 Clean
C4 99 26 23 3 20.01 Clean
C5 226 43 14 3 25.85 Fairly clean
C6 242 33 25 13 39.96 Fairly clean
Cc7 256 46 26 13 4415 Fairly clean
C8 179 60 31 19 50.33 Moderately polluted
C9 350 76 37 25 70.25 Moderately polluted
C10 341 78 43 23 71.25 Moderately Polluted
S1 66 18 15 4 16.81 Clean
S2 70 24 18 6 20.69 Clean
S3 100 23 16 6 21.76 Clean
S4 150 26 21 11 30.34 Fairly clean
S5 107 37 23 27 39.80 Fairly clean
S6 229 28 25 20 4247 Fairly clean

2AQI < 10, very clean; 10-25, clean; 25-50, fairly clean; 50-75, moderately polluted; 75-100, polluted; 100-125 heavily polluted and =125,
severely polluted (Mudri, 1999).
®Nd = Not detected.
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was least polluted; while in the southern region,
Ashiyana colony (SO,, 17.60; NO,, 14.55; O,,
5.59 and SPM, 147.30 ug m3) and Alambagh
(80,, 34.15; NO,, 23.80; O,, 16.41 and SPM,
532.26 ng m=2) were least and highly polluted,
respectively (Figure 1).

Lastly, on the basis of AQI, in trans-Gomti
region, different sites may be arrested in an
order of increasing pollution levels as T1 < T2
<T3<T4<T5<T6<T7 <T8<T9 <TI0

< T11 < T12, in central region in an order of
C1<C2<C3<C4<C55<C6<C7<C8<
C9 < C10 and in southern region an order of
S1 <82 < S3 < S84 < S5 < S6. This trend cor-
responded to the traffic density in respective
regions. Generally, two steps are required to
adopt the strategies for the abatement of air
pollution in a particular locality or region. The
first step is air monitoring, which enables us to
know the actual air quality status of the region
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Fig. 1 A city map showing levels of different gaseous and particulate pollutants in different lo-
calities of the Lucknow city. (Values in bold, SO,; Italics, NO,; Single underline, O, and double

underline, SPM).
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or city. At any given time, the air shed is loaded
with an array of gaseous and particulate pol-
lutants emanating from the various sources.
Hence, it becomes imperative to prepare an
inventory of polluting sources in a particular
region before air monitoring is carried out. The
second step is to attenuate the pollution prob-
lem by using a suitable technology, engineer-
ing or chemical, to check emission of pollutants
at source and later to filter out the pollutants
from the atmosphere through biological means.
Unlike engineering devices, biological devices
are cost-effective, eco-friendly, self supporting
and easy to maintain in the field conditions.

In this investigation, air monitoring of SO,, NO,,
O, and SPM levels showed a wide variation in
their seasonal concentrations. The peak con-
centration of these pollutants, was generally
observed during the winter season, followed
by the summer season and the least in the
rainy season. This was most probably due to
the frequent thermal inversions and low wind
speed particularly in the morning and night
(foggy and wet environment) during the winter
season, which checked the rapid dispersion
of pollutants in the air (Samanta et al., 1998),
However, during rainy season, the levels of all
gaseous and particulate pollutants came down
significantly due to the heavy and frequent
rainfall that precipitated or washed out the
ambient pollutants to get them either settled on
the earth surface or deposited on the plant sur-
face. In the summer season, high wind velocity
accompanied with high temperature, facilitated
the pollutant rapid dispersion in a large vol-
ume of air and thereby diluting their concentra-
tions. However, the ozone level did not show
any specific pattern with respect to seasonal
changes. At many sites, it was observed that
the concentration of O, was maximum during
the summer season and minimum during the
winter season. It is likely that higher temper-
ature in the summer season favoured O, for-
mation as a secondary pollutant. Massambani
and Andrade (1994) also reported the ozone
minima during the winter months and maxima
during the summer. The 1989-1990 air monitor-
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ing data of Delhi also showed relatively low
concentrations of O, during the winter and high
concentration during the summer (Varshney
and Aggarwal, 1992).

On the basis of air pollution levels, the central
region of the Lucknow city was found maxi-
mally polluted, while the southern region was
found to be least polluted. The concentration
of primary pollutants showed a positive corre-
lation with the traffic density at almost all the
sites, indicating that the traffic population is the
main culprit of urban pollution. Automobiles
are well known to cause air pollution along
the roadsides (Rangarajan et al., 1995). Emis-
sion from major highways, based on an hourly
vehicular count, was estimated using vehicle-
specific emission factors. The vehicular den-
sity, the type of vehicles plying on the road, the
road conditions, diffusion of the pollutants as
affected by the topography of high rise build-
ings on the either side etc. are some of the
major factors, affecting pollutant concentration
on the roadside (Joshi, 1998). At some sites,
it was also observed that although the vehicu-
lar traffic was low, but the pollution load was
high. This was probably due to the poor road
conditions and the high-rise buildings along the
roadside, which impeded the dispersion of pol-
lutants into the environment.

The AQI was developed to maintain consist-
ency in reporting air quality within a city, state or
through out the country. The AQl is so designed
to make it easier to understand air quality from
region to region. This system pays maximum
emphasis on protecting the public health from
air pollution. This tool is used to inform the resi-
dents of air pollution levels in a particular loca-
tion and about its associated health effects and
to advise precautionary steps to be taken when
air pollution reaches alarming levels. Based on
the principle that ‘prevention is better than the
cure’, it is possible to avoid pollution-related
health hazards with the help of AQI data. The
AQI scale ranges from 0 to 125. The most
important number of this scale is 50. An AQI
value in excess of 50 means that the ambient
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Fig. 2 Pollution map of the Lucknow city.

air concentration is reaching an alarming level
in a locality. AQI levels above 100 may trig-
ger immediate remedial actions by state and
local officials to bring down pollution levels to
save life. This could include health advisories
to advice citizens or susceptible individuals to
limit their certain activities.

On the basis of average air quality rating or
index (AQl), for the first time, a city was zonated
into different areas with varying degree of pollu-
tion level as reflected in the city map with differ-
ent colour shades (Figure 2), which underlined
the importance of AQI in pollution mapping of
cities or industrial agglomerations. On the basis
of above observations, it may be concluded that
among three regions of the city adjudged on the
basis of AQI, central region of the city was max-
imally polluted followed by trans-Gomti region
and least was in the southern region. There
was also seasonal variation in the levels of
gaseous and particulate pollutants and hence
the AQI being maximum in the winter season,
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followed by summer season and least pollution
load and AQI values were noted in the rainy
season. Based on AQI values, the air quality
status of the different localities of the city varied
between very clean and polluted category and
finally we demonstrated that the AQI can also
be used in pollution mapping programmes.
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