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Air quality index (AQI) is the single value numerical expression to evaluate the quality of a
given air at a particular location. The present study classifies the locations with different air
pollution characteristics in respect of AQI and to evaluate the parameters of the locations of
the monitoring program. A selected cluster analysis is applied to the pollution monitoring
dataset which including SPM, RPM, SO,, NO,. A computer-simulated artificial neural

network (ANN) model is developed using Matlab to get a good interaction between the
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Introduction

The environmental pollution in India are growing rapidly.
The rapidly growing population and increasing economic
development are putting an effect on the environment and the
natural resources. Different pollution like Industrial, soil
erosion, rapid industrialization, urbanization, automobiles,
domestic fuel burning, road side dusts, construction activities,
and land degradation creates worsening problems. Air pollutants
are associated with increased hospitalization [1] and mortality
due to cardiovascular disease, [2-4] frequent arrhythmias, or
both [5]. Ambient air quality monitoring under National Air
Monitoring Programme (NAMP) provide air quality monitoring
information that forms the basis for identifying areas with high
air pollution levels and subsequently for planning the strategies
for control the air pollution (National Summary Report, 2010;
[6]). The Air Quality Index (AQI) is an indicator of daily air
quality that based on air pollutants like ozone, fine particulate
matter, nitrogen dioxide, carbon monoxide, sulphur dioxide and
total reduced sulphur compounds which can affect on human
health and the environment.

Largest numbers of people of Kolkata area are suffering
from lung cancer [7] due to the pollution of the most polluted
metropolitan cities in West Bengal [7]. There is also a very high
impact of old vehicles on air quality. The present study of AQI
is focused on the evaluation of pollution data of air collected
from various locations in Kolkata of seven years.

Ambient Air Pollutants
Particulate Matter

There are many chemicals that can be detected in particulate
matter (PM) which include nitrates, sulfates, elemental and
organic carbon, biological compounds (eg, endotoxin, cell
fragments), organic compounds, , and a variety of metals (eg,
iron, copper, nickel, zinc, and vanadium) [9].

Nitrogen Oxides

Nitrogen oxides are commonly encompassed nitrogen

dioxide (NOy), nitric oxide (NO), nitrogen trioxide, nitrogen
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tetroxide (NO,), and di-nitrogen pentoxide (N,Os)[10]. The
main source of NOx in the air is fossil fuel burning in motor
vehicles and industrial processes, in generation of power.
Carbon Monoxide

Carbon monoxide (CO) is the product due to the incomplete
combustion of carbonaceous fuels. The main sources are motor
vehicles, engines on motorboats, chain saws, and from other
devices that may require residential wood burning; improperly
adjusted gas-burning; fossil fuel combustion; and coal
combustion; and tobacco smoking [11-12].

Sulfur Dioxide

Sulfur dioxide (SOy) is a colorless, highly irritating soluble
gas that is released in various industrial processes. In contact
with water, it will converted to sulfurous acid, which has a
strong irritant effect on eyes, mucous membranes, and skin [13]
Objective of the study

This present work aims to identify the air pollution
characteristic of all 15 stations covers northern, southern, central
and peripheral part in Kolkata during seven years and to
evaluate the correlation analysis and to design a artificial neural
network approach between the pollutants in air and air quality
index (AQI). A selected cluster analysis technique is applied to
the pollution monitoring dataset which includes RPM, SPM,
S02, and NO2 of all stations. The obtained experimental results
allowed to determine groups of stations with similar air quality
index which can be determined from air pollutants dataset, and
to compare air quality among these groups. Moreover an ANN
model [14] has been developed to analyze the close interaction
between experimental and simulated result of annual air quality
index in Kolkata.

Materials and Methods
Dataset:

The dataset contains the values of selected pollution
indicators for 15 monitoring locations in Kolkata. The
population and human activities are mainly centered in those
regions of Kolkata. The yearly average air quality of Kolkata is
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monitored through 15 fixed monitoring stations for the four
selected air pollutants parameters respirable particulate matter
(RPM), suspended particulate matter (SPM), sulphur dioxide
(SO2), nitrogen dioxide (NO2) for the year 2002-2008. These
air quality monitoring stations are evenly distributed throughout
the state.

Several attempts have been found in the past to develop a
suitable AQI method. Three basic approaches are followed by
the researchers: Scope (F1), Frequency (F2) and Amplitude
(F3). Various parameters like respirable particulate matter
(RPM), suspended particulate matter (SPM), SO2, NO2 etc are
considered for calculating the AQI.

Methods

The values of three measures of variances from selected
objectives for quality are combined to create a vector in
imaginary ‘objective exceedance’ space. Objectives may refer to
the quality guidelines. The length of vector is then scaled to
range between 0 to 100.and subtracted from 100 to produce an
index which is 0 or close to closed to 0 for very poor quality,
and close to 100 for excellent quality [15-17].

Calculation of AQI
FACTOR 1: (F;) SCOPE

This factor is called scope because it assesses the extent of
quality guideline non compliance over the time period of
interest.

F1= (Numbers of failed variables of air/Total no. of variables of

air)*100 D
where the variables indicate those quality parameters with

objectives which are tested during the time period for the index

calculation.

FACTOR 2: (F;) FREQUENCY

F,= (Number of failed tests/Total no. of tests)*100  ---- (2)

FACTOR 3: (F;) AMPLITUDE

Fs represents the amount by which the failed test values do not

meet their objectives, and it is calculated in three steps:

i)  When the test value must not exceed the objective:

Excursion= (Failed test value/Objective) -1  ---------==---- €))

For cases where test value should not fall below the objective:

Excursion= (Objective/Failed test value) -1 -----------=----- 4)
ii) nse= Summation of excursion values/Total no. of tests
®)

F3 is then calculated by a scales using the sum of excursions
from objectives (nse) to yield a range between 0 and 100.

Fs= (nse/0.01*nse) +0.01 (6)
AQI is finally calculated from F, , F, , Fzas
AQI = 100-V( Fy?+ F,2+F3%)/1.732 (7

o If the AQI reading is within O to 44, the air quality is the very
poor category, and this may have adverse effects on the
environment. [Table 1].
o If the AQI reading is within 45 to 79, the quality is poor
category, and this may have adverse effects for human and
animal populations [Table 1].
o If the AQI reading is above 80, the air quality is in moderate
category, and this may have some adverse effects for very
sensitive people.
Cluster Analysis

Cluster analysis is a way to create groups of objects, or
clusters, in such a way that the profiles of objects in the same
cluster are very similar and the profiles of objects in different
clusters are quite distinct. Cluster analysis can be performed on
many different types of data sets.

The initial assumption is that the nearness of objects in the
space defined by the variables reflects the similarity of their
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properties [9; 12-13]. In our study, a hierarchical clustering by
applying complete linkage method and the squared Euclidean
distance as matrix were performed by using the Matlab7 (The
Mathworks, Inc. ver. 7.0.1).

Table 1: Grading scale

INDICATOR | CONDITION | GRADE
95-100 EXCELLENT | A
80-94 GOOD B
65-79 FAIR C
45-64 POOR D
0-44 VERY POOR | F
ANN modeling
An artificial neural network (ANN) is a simplified

computational mathematical model that is inspired by the
structure of biological neural networks [18-19]. Artificial neural
network model have been used successfully for monitoring air
quality index for the four input variables in Kolkata. MATLAB
7 (The Mathworks, Inc. ver. 7.0.1) was chosen to develop the
ANN model using neural network toolbox using the data.

In the present study, a three-layer feed forward back-
propagation neural network with a linear transfer function was
developed for yearly average air quality of Kolkata for the year
2002-2011.

Most ANN model consists of three layers: an input layer
represents as independent variables; the output layer gives the
dependent variables and one or more intermediate nodes acts as
a collection of feature detectors. Respirable particulate matter
(RPM), suspended particulate matter (SPM), sulphur dioxide
(SO2), nitrogen dioxide (NO2) as three independent variables,
and average air quality index (AQI) of Kolkata was chosen as
dependent variables [20].

Table 2: Air Quality Index of different areas of Kolkata

(2002-08)

Stations Year AQI range Quality
DUNLOP 2002- 2008 62.77— 54.43 | Marginal
TOLLYGUNGE 2002- 2008 63.35-54.25 | Marginal
ULTADANGA 2002- 2008 63.58-54.48 | Marginal-Fair
PICNIC GARDEN 2002- 2008 74.86-69.13 | Marginal-Fair
MINTO PARK 2002-2008 63.22-54.93 | Marginal
SHYAMBAZAR 2002-2008 63.01-54.64 | Marginal-Fair
BELIGHATA 2002-2008 63.11-68.95 | Marginal-Fair
MOMINPORE 2002-2008 63.39-54.36 | Marginal
BAISHNABGHAT 2002-2008 75.58-55.47 | Marginal-Fair
TAPSIA 2002-2008 62.66-55.51 | Marginal
SALT LAKE 2002-2008 74.96-69.54 | Marginal-Fair
MOULALI 2002-2008 62.38-52.48 | Marginal
BEHLA CHAWRASTA | 2002-2008 62.89-53.34 | Marginal
HYDE ROAD 2002-2008 74.9-68.65 Marginal-Fair
GARIAHAT 2002-2008 62.42-70.01 | Marginal-Fair

Results and discussion

The experimental results (Fig.1-2) showed that the yearly
average values of RPM, SPM, SO2, and NO2 were different at
different Stations in Kolkata. The figure 1-2 showed that the
year of 2006-07 at Behala Chowrasta and the year 2003-04 at
Tapsia, the respirable particulate matter (RPM) and suspended
particulate matter (SPM) in air quality are higher than the other
locations and year in Kolkata. In Table 2, the value of Air
Quality Index from 2002-2008 and quality grade of all the 15
stations in Kolkata has been presented.

The AQI of these stations of Kolkata range between
marginal to fair depicting not good quality of air. The annual
AQI seems to decrease from 2002-2008 it has increased also for
some stations.
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Fig. 1. SPM concentrations of air quality of Kolkata
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Fig. 2. RPM concentrations of air quality of Kolkata
Cluster analysis of Station’s Data

The dendrogram, Fig 3, showed the results obtained from
using hierarchical complete linkage clustering method and
squared Euclidean distance. The all 15 stations in Kolkata can
be classified into two major groups according to the average
calculated air quality index [Table 2] from the year 2002-2008,
cluster I: Dunlop, Behala Chowrasta, Tollygunge, Mominpore,
Tapsia, Moulali, Minto park, Ultadanga, Shayambazar (the
range of AQI is between 58.5 to 62) and cluster Il: Picnic
Garden, Baishnabghata, Belighata, Salt Lake, Hyde Road,
Gariahat (the range of AQI is within 64 to 70) as presented in
Fig 2. It was clearly observed that the former major cluster was
characterized by the biggest Euclidean distance to another
cluster (high significance of clustering). Three associations were
proved the clustering. The association between Dunlop and
Behala Chowrasta, Tollygunge and Mominpore and then
Belighata and Salt Lake were most significant. The identified
group including sampling stations at Dunlop and Behala
Chowrasta, Tollygunge and Mominpore and then Belighata and
Salt Lake were selected to analyse temporal variations and to
evaluate whether the sampling frequency can be reduced.
MATLAB 7 (The Mathworks, Inc. ver. 7) computing
environment was used to design the neural network model from
the experimental data. After testing, it was observed that 10
neurons produce minimum value of error of the training and
validation sets. The yearly average (2002-2011) air quality
monitoring result had been chosen the experimental response or
output variable. The network model which gave a coefficient of
correlation (R) between the model prediction and experimental
results tends to 1 considered to be significant model and hence
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selected. Majority of ANN architectures were feed-forward
networks which were mostly trained from the input data using
back-propagation algorithm. The performance of the trained
network was shown in Fig. 4
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Figure 3: Dendrogram of the Cluster analysis based on
regional air pollution characteristic
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Fig. 4. Performance plot during the ANN training
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Fig. 5. Regression plot on AQI (Experimentally vs.
Predicted) using four input variables, ten processing
elements in hidden layer, and one output variable using
ANN model
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Fig. 6: Plot of AQI of ANN experimental result and AQI of
two stations

Linear transfer function ‘POSLIN’ (being a positive linear
transfer functions) was chosen for the input to hidden layer
mapping while a ‘PURELIN’ (purely linear transfer function)
was chosen for the hidden layer to the output layer mapping.
The values of correlation coefficient (R) were calculated among
the best of 10 repeated run [21]. The regression plot of the
trained network was shown in Fig 5. A high correlation
coefficient of this plot signified the reliability of the neural
model with the experimental data. Fig 5 showed that the
‘Levenberg-Marquardt backpropagation (trainlm)’ algorithm
tool with ‘poslin’ transfer function gave a correlation coefficient
of 0.998 that suggests most satisfactory interaction.

Figure 6 compared the ANN experimental results in details
with two stations among 15 stations. Above figure showed the
plot of experimental ANN model relation for air quality index
from Dunlop and Gariahat in Kolkata of the seven years dataset
used for training. For all the training data sets, the data points of
experimental ANN values and two stations AQI values more or
less coincide with each other except 2006-07 and 2007-08. This
indicates perfect training of the network.
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Conclusion:

The present study showed to classify the different stations,
based on annual average air quality index with different air
pollution characteristics from 2002 to 2008 in Kolkata, and to
evaluate the air quality of various clusters. The obtained results
have proved that the stations with similar air quality monitoring
index can be grouped in one using cluster analysis method.
From this study, Kolkata's average SPM count is 211pg/m®, PM
count is 155ug/m3, SO, count is 7.51 and NO, count is 76.68.
All 15 stations in Kolkata are classified into two major groups
based on the annual calculated air quality index. Cluster I is
characterized as low AQI level (range of 58.5 to 62) than the
cluster 1l with high AQI level (range within 64.5 to 70). The
annual AQI level in Kolkata is successfully predicted by
designing a three layered neural network model with 4 input and
10 neurons in the hidden layer and using linear transfer function
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with  Levenberg-Marquardt  backpropagation
backpropagation algorithm from the experimental data.
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