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Software of Air Quality Index calculation of Central Pollution Control Board, Ministry of Environment and Forest, Govt. of In-
dia is utilized to express Ambient Air Quality of the Kolkata Municipal Corporation (KMC) area of Kolkata, India in terms of
Air Quality Index (AQI) during the period of 2008 to 2009. Monthly 24 h average concentration of ambient air pollutants of
PM,,, NO, and SO, monitored by different stations of West Bengal Pollution Control Board, are used in this study. During
the periods of April to October and November to March of 2008 to 2009, the AQI values are determined by NO, and PM,,
respectively. Also, PM,, and NO, values did not attain India’s National Ambient Air Quality Standard of 2009 in the period of
November to March of 2008-2009. Health impact of the residents of the KMC area in 2008-2009 is assessed from the evalu-

ated AQI data.
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Introduction

Ambient air of an area comprises various substances in-
cluding air pollutants of Particulate Matter of size less than
10u (PMy), nitrogen dioxide (NO,) and sulfur dioxide (SO,).
Major sources of NO, in ambient air are fossil fuel burning
especially vehicular exhaust. Road dust and soil carried by
wind contribute PM,, in ambient air*. SO, is entrapped in
PM from combustion of sulfur containing oil and coal. Con-
struction and demolition activities and burning of wood gen-
erate PM'. Considering comparative concentrations as well
as pollution potential of different air pollutants, ambient air
quality of an area is represented in a single value called Air
Quality Index (AQI). Degree of air pollution level is predicted
from single value of air quality index instead of concentra-
tions of all major air pollutants.

In this study, Ambient Air Quality of the Kolkata Municipal
Corporation area of Kolkata, India during the period of 2008
to 2009, is focused in terms of Air Quality Index and this
index is derived by applying software of air quality index cal-
culation of Central Pollution Control Board, Ministry of Envi-
ronment and Forest, Govt. of India utilizing available con-
centrations of the three pollutants of PM,,, NO, and SO, in

ambient air of this area. Among the three contaminants, one
specific substance (either PM,, or NO,) is identified as de-
termining factor in order to select air quality index in respect
of its comparative concentration and nature of pollution po-
tential at different times of the study periods. From the evalu-
ated data of this index, assessment is predicted on health
impact of residents of the Kolkata Municipal Corporation area
during the study periods using range of Air Quality Index
values and its health indicators as per Central Pollution Con-
trol Board of India. For computation of these air quality indi-
ces, monthly 24 h average concentration of ambient air pol-
lutants of PM,,, NO, and SO, were measured by 18 nos.
ambient air quality monitoring stations. These monitoring
networks were conducted at different locations of Kolkata by
West Bengal Pollution Control Board, the environment regu-
latory agency of West Bengal, India for regular monitoring of
ambient air quality.

Methods

During the period of April, 2008 to March, 2009, monthly
24 h average concentrations of PM,,, NO, and SO, were
measured by 18 nos. ambient air quality monitoring stations
located at different sites of the Kolkata Municipal Corpora-
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tion area and these monitoring networks were conducted by
West Bengal Pollution Control Board, the environment regu-
latory agency of West Bengal, India8. These data are uti-
lized as input to software of AQI calculation of Central Pollu-
tion Control Board, Ministry of Environment and Forest, Govt.
of India’.

In Fig. 1, it is illustrated that concentrations of individual
pollutants (concentration of PMy:Cpyy, . concentration of
NO,:Cyg,, concentration of SO,:Cg,) generate their corre-
sponding sub-indices through equations. These equations
are specific in accordance to their concentration levels and
hence sub-index (S.l.¢.) of a pollutant is a function of con-
centration (C)) of that pollutant [S.I.. = f (C;)]. Overall AQl is
obtained from maximum value’ of these sub-indices®.

During the study period of 2008 to 2009, the values of
PM,o, NO, and SO, parameters in the ambient air of KMC
area were obtained within the concentration range of 21 g/
m3to 258 ug/m?, 19.7 ug/m®t0132.5 ug/m? and 2 ug/méto
16.3 ug/m® respectively. Some model examples are given
which are used to calculate all the AQI values of the year
2008 to 2009.

(1) Consider AAQ monitoring station of Raj Bhawan dur-
ing June, 2008. The PM, o, NO, and SO, concentrations of
this location were 41 ug/m?, 38.6 pg/m3 and 2.3 pg/m® re-
spectively. Three individual sub-indices are calculated be-
low through three respective equations.

Sub-index for PMyq (S .y, ) calculation when PMy, con-
centration (Cpy, ) is 41 pg/m®

As Cpyy,, < 50 pgim®

Then S.Lpy,, = Cpy,, = 41

Sub-index for NO, (S.I.yo,) calculation when NO, con-

Pollutant
concentrations

Sub-indices
calculation and

centration (Cyg,) is 38.6 ug/m®
As Cy, < 40 ug/m?

Then S.I.NO2 = CNO2 X j—g = 48.25 = 48 (approx.).

And S.l.0,> Cyo,

Sub-index for SO, (S.l.g0,) calculation when SO, con-
centration (Cgp,) is 2.3 ug/m?

As Cgp, < 40 ug/m?

Then S.I.SO2 = CSO2 % = 2.8 =3 (approx.).

And S.I.SO2 is slightly higher than CSOQ-

S.Lyo, is the maximum among the sub-indices values of
41(S..py), 48 (S.lyo,) and 3 (S.L.gp,) and therefore S.l.yo,
is selected as overall AQI of Raj Bhawan on June 2008. This
AQl is determined from concentration of NO, alone though
concentration of NO, was comparatively lower than that of
PM,q and concentration of PM,, was monitored maximum
among the three pollutants at Raj Bhawan area. But appar-
ent observation from comparison of concentrations shows
that Raj Bhawan area was polluted more by PM,, (higher
concentration) than NO, (lower concentration) during April
2003. So actual ambient air quality is predicted from AQI
value which focuses the composite influence on overall quality
of air quality parameters. In this case of comparable concen-
trations of PM;y and NO,, S.Lyq, is selected as AQI value
for these concentration levels of pollutants. Concentrations
of both the pollutants were obtained much lower than NAAQS
of 20092. Itis established from the software that among com-
parable or same concentration of PM,; and NO,, NO, has
comparatively higher pollution potential than PMj,.

AQI calculation as Output

AQIis Maximum value among

—>

as Input selection of maximum
value

Cepvaio  ——  S.Leno=1f(Cprno)

Cxoz ——p  S.Ixoz=f{Cno2)

Csom — »  SILsoz=fCso)

S.Leme, S-I.nozand S.1.50;

Fig. 1. Formation of sub-index and AQI from corresponding pollutant concentration.
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(2) Consider AAQ monitoring station of Behala Chowrasta
during October, 2008. The PM,,, NO, and SO, concentra-
tions of that location were 84 ug/m?, 77.1 ug/m3 and 7.4 pg/
m? respectively. The individual sub-indices are calculated
below.

Sub-index for PMyq (S..py, ) calculation when PMy, con-
centration (Cpy, ) is 84 ug/m?3

As 50 ug/m3 < Cpyy,, < 100 pg/m?
Then S.I.py, = Cpy,, = 84

Sub-index for NO, (S.I.yo,) calculation when NO, con-
centration (Cyg) is 77.1 pg/m®

As 40 pg/m® < Cy, < 80 pg/m?

Then S.1.yo, =50 + (Cyp,—40) Ll 96.37 = 96
(approx.).
And S.Lyg, > Cno,-
Sub-index for SO, (S.l.go,) calculation when SO, con-
centration (Cgp,) is 7.4 ug/m?

As Cgp, < 40 ug/m?

50
Then S.I.SO2 = CSO2 X E =9.25 =9 (approx.).

And S.I.SO2 is slightly higher than CSOQ-

S.Lyo, is the maximum among the sub-indices values of
84 (S.l.pp,) 96 (S.lyo,) and 9 (S.l.gp,) and S.lyo, is se-
lected as overall AQI of Behala Chowrasta on October, 2008.
This AQl is determined from concentration of NO, alone and
this case is similar with case no. (1).

(3) Consider AAQ monitoring station of Moulali during
November, 2008. The PM,,, NO, and SO, concentrations of
that location were 173 pg/md, 114.4 pg/m3 and 10.9 pug/m3
respectively. All four individual sub-indices are evaluated be-
low.

Sub-index for PMyq (S..py, ) calculation when PM; con-
centration (Cpy, ) is 173 ug/m?

As 100 pgim® < Cpyy, < 250 pg/m?

1
Then S.Lpy,, = 100 + (Cpy, -~ 100) 190 _ 148.6= 149

150 (approx.).

And S.L.py,, is lower than Cpy, .

Sub-index for NO, (S.I.yo,) calculation when NO, con-
centration (Cyo,) is 114.4 pg/m®

As 80 pg/m® < Cyo, < 180 ug/m?

100
Then S.1.yg, = 100 + (Cyp, - 80) x — = 134.4.

100
And S.I.yo, is higher than Cyq,.
Sub-index for SO, (S.l.g0,) calculation when SO, con-
centration (Cgp,) is 10.9 ug/m®

As Cgp, < 40 ug/m?

Then S.I.SO2 = CSO2 X % =13.6 = 14 (approx.).

And S.l.g,> Cg,-

S.L.py,, is the maximum among the sub-indices values
of 149 (S.Lpy,,), 134 (S.Lyo,) and 14 (S.l.go,) and the
S.Lpy,, is selected as overall AQI of Moulali on November,
2008. This AQI value is selected from sub-index of PM,
which is determined by its concentration. Concentration of
PM,, was measured maximum among three parameters and
PM,q and NO, do not attain NAAQS of 2009.

(4) Consider AAQ monitoring station of Moulali during
January, 2009. The PM,,, NO, and SO, concentrations of
that location were 258 ug/m?, 132.5 ug/m? and 13 pg/m?
respectively. Three individual sub-indices are calculated be-
low.

Sub-index for PMyq (S..py, ) calculation when PMy, con-
centration (Cpy, ) is 258 ug/m?

As 250 pgim® < Cpyy, < 350 pg/m?

Then S.Lpy,, = 200 + (Cpy, ,— 250) = 208.

And S.Lpy,, < Cpypy,-

Sub-index for NO, (S.I.yo,) calculation when NO, con-
centration (Cyg,) is 132.5 pg/m?

As 80 pg/m? < Cyo, < 180 ug/m?

1
Then S.1.yg, =100 + (Cyo, - 80) X % =152.5.
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And S.1.\o, is obtained higher than Cyg,.

Sub-index for SO, (S.l.go,) calculation when SO, con-
centration (Cgp,) is 13 pg/m?

As Cgp, < 40 ug/m?
50

Then Slso2 = CSO2 x — =16.3.
40

And S.I.SO2 is calculated slightly higher than CSOQ-

S.L.py,, is 135 which has the maximum value among the
sub-indices values of 208 (S.I.PMm), 152.5 (S'I'NOQ) and 16.3
(S.l.50,)- Thus sub-index of PM, s selected as overall AQI
of Moulali on January, 2009 and this AQl is determined from
concentration of PM4,. Among the three concentrations, PM,,
value was monitored maximum and much higher than either
NO, or SO, value. Concentration of PM,, was measured
maximum among three parameters and PM,, and NO, do
not attain NAAQS of 2009.

If PM, concentration of ambient air does not exceed 50
1g/m3, then corresponding sub-indexis evaluated using sub-
index calculation of PM,, furnished in model example (1).
When PMj, concentration becomes above 50 pg/m? and
does not exceed 100 ug/m3, then its sub-index calculation
mentioned in model example (2) is applicable. For PM,, level
within the range from above 100 pg/md to 250 ug/m3, then
sub-index calculation of PM,, stated in model example (3) is
applicable to calculate its corresponding sub-index. If PM,,
value is obtained in the range from above 250 pg/m3 to 350
ug/m3, then corresponding sub-index is obtained using its
sub-index calculation mentioned in model example (4).

If NO, level is monitored in ambient air within the range
upto 40 pg/m3, then sub-index calculation of NO, given in
model example (1) is applicable. For NO, value ranging from
above 40 pg/m3 to 80 ug/m?, then its sub-index is evaluated
using its sub-index calculation given in model example (2).
For NO, value above 80 pg/m3 to 180 pg/m3, then sub-in-
dex calculation of NO, described in model example (3) is
applicable.

For SO, value in the range upto 40 ug/m3, then its sub-
index is measured using any of the model examples where
its sub-index has been calculated.
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During computation of AQI, the interpretation may be
carried out that AQI is determined finally by contribution of
concentration of any one parameter of PM,, and NO, for a
AAQ monitoring station during a month. If PM,, determines
AQlI, then AQI value becomes equal or less than the concen-
tration value of PM, in air. Itis also observed that AQI value
generated by either PM, 5 or NO,, becomes greater than
monitored concentration value of that parameter in ambient
air. Air pollutant SO, is not playing role to determine AQI
value during the entire study period in the KMC area as its
concentration levels were not comparable in comparison to
concentrations of PM,4 and NO, and also monitored con-
centration of SO, for the this study period was much lower
than NAAQS of 2009.

Results and discussion

Fig. 2 demonstrates monthly variation of PM,,, NO,, SO,
and AQl values during the year of 2008 to 2009. Overall trends
of the four parameters exhibit almost similarity with gradual
descending order starting from April to July, then ascending
upto maximum value making peak on December or January
and finally descending upto March. Therefore, minimum val-
ues of most of the parameters were obtained in the month of
July and maximum or peak values of these parameters were
obtained in the month of either December or January. In few
cases, minimum values for some parameters were obtained
in the month of June (SO, in 2008) or August (PM, in 2008)
or September (AQI and NO, in 2008).

During the period of 2008 to 2009, PM,, values have
been compared with prescribed NAAQS of 2009 (100 ug/
m?3) and are found lower and higher in the months from April
to October and November to March respectively. The pa-
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Fig. 2. Monthly variation of AQI, PM;4, NO, and SO, in the KMC area

during the period from 2008 to 2009.
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rameter NO, exhibited attainment of NAAQS (80 ug/md)
during April to October of the period 2008 to 2009. NO, also
attained NAAQS in March 2009. It is further stated that the
parameter NO, did not attain NAAQS during November to
February of 2008 to 2009. During this period, SO, level main-
tained well below NAAQS (80 pg/md).

As the Fig. 2 depict that concentration values of SO, were
low in comparison to concentration of PM, o, PM, 5 and NO,
during this study period and therefore SO, does not take
part to determine AQI. In the months of April to October for
2008 to 2009 (Fig. 2), the AQl values (53.4 t0 90.8) are evalu-
ated higher than PM,, values (31.5 ug/m? to 81.9 ug/m?)
and this finding signifies that AQI values of the said period
are determined by parameter NO, (42.2 ug/m? to 66 ug/md)
as corresponding S.I. values are evaluated lower and higher
than the concentration values of PM,4 and NO, respectively
as per previous calculations of S.1. values through software.
During November to March of the year of 2008 to 2009, range
of PM, and NO, values were monitored from 104.7 pug/m®
to 190 pg/m3 and 67.5 ug/md to 93.3 pg/m3 respectively
and calculated AQI values are obtained in the range of 102.2
to 160.2. Table 3 focuses range of S.1I. values for these ranges
of concentrations of PM, 4 and NO, and so their correspond-
ing ranges of S.I. values would be about 101 to 200 and 51
to 120 respectively. It is therefore stated that the AQI values
during November to March of the year 2008 to 2009 are de-
termined by PM as its S.I. values are higher than that of
NO,. During the year of 2008 to 2009, AQI values are deter-

mined by NO, and PM,, values for the months of April to
October and November to March respectively.

Health effect:

Table 23 helps to exhibit different types of health impact
for various ranges of AQI values and its health indicators.
Different time periods and their corresponding health effect
are summarized in Tables 2, 3 and 4. Same range of AQI
values from 51 to 100 during April to October for 2008 to
2009 can be attributed to health impact of only minor breath-
ing discomfort of sensitive people in KMC area. The expla-
nation behind this observation of minor or no health impact
can be assessed as concentration level of no parameter
among PM,,, NO, and SO,, had exceeded the NAAQS per-
missible limit (Table 1) in the ambient air of KMC area dur-
ing the period from April to October of each of the three peri-
ods due to dilution effect of air pollutants in monsoon and
summer times®. During November to March for 2008 to 2009,
same range of AQI values from 101 to 200 is evaluated by

Table 1. National AmbientAir Quality Standards (NAAQS) of India
Pollutants 24 hourly concentration in
Ambient Air [pig/m?3]
Promulgated in 2009
Industrial, Residential,

Rural and other areas

Sulfur dioxide (SO,) 80
Oxides of nitrogen as NO, 80
Respirable Particulate Matter 100

(Size less than 10 um) or PMq

Table 2. AQI Category, range of AQI values and corresponding health effect

Sl AQI Category Range of AQl values

1. Good 0-50

2. Satisfactory 51-100
Moderate 101-200

4. Poor 201-300

5. Very poor 301-400

6. Severe 401-500

Associated Health Impacts

Minimal impact

May cause minor breathing discomfort to sensitive people

May cause breathing discomfort to the people with lung disease such

as asthma and discomfort to people with heart disease, children and
older adults

May cause breathing discomfort to people on prolonged exposure and
discomfort to people with heart disease with short exposure

May cause respiratory illness to the people on prolonged exposure.
Effect may be more pronounced in people with lung and heart dis-
eases

May cause respiratory effects even on healthy people and serious

health impacts on people with lung/heart diseases. The health im-
pacts may be experienced even during light physical activity
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Table 3. Concentration range of pollutants and their corresponding
range of S.1. values

Sl. Concentration range of pollutant Range of S.I. value
(ug/m?3) of pollutant
PMyq NO,
1. 0-50 0-40 0-50
2. 51-100 41-80 51-100
3. 101-250 81-180 101-200

Table 4. Period, AQI value and corresponding determining

parameter
Sl Period Parameter AQl Determining
exceeded NAAQS range parameter
of 2009 of AQI
1. April 08 to
October 08 - 51-100 NO,
2. November 08
to March 09 PM4o, NO, 101-200 PMyq

software which predicts health impact of breathing discom-
fort to people with lung disease and discomfort to people
with heart disease, children and elders.

Conclusion

AQl is selected from highest value of sub-indices of pol-
lutants derived from their respective concentrations. During
the months of April to October for the year of 2008 to 2009,
NO, is responsible for determination of AQI of KMC area. In
these months, the range of AQl values (51-100) can be at-
tributed to effect of minimum breathing discomfort to sensi-
tive people of KMC area. During November to March of 2008
to 2009, AQI values (101 to 200) are derived by PM,, as
determining parameter and also PM, values did not attain
NAAQS of 2009. This range of AQI values (101 to 200) has
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effect of breathing discomfort to people with lung disease
and discomfort to people with heart disease, teen agers and
aged persons.

Therefore, NO, and PM,, are identified as predominant
pollutants to determine AQI values during the three study
periods. SO, values being monitored in the lower side in
AAQ of Kolkata, has no effect to determine AQlI.

During summer and monsoon times of 2008 to 2009, NO,
concentrations of Kolkata air determines AQI values, whereas
winter time during 2008 to 2009 shows PM,, as determining
pollutant to evaluate AQI.

References

1. A. Daly and P. Zannetti, "An introduction to air pollution — Defi-
nition, Classification and History", Ambient air pollution (Chap.
1), The Arab School of Science and Technology (ASST) and
The Enviro Comp Institute, 2007.

2. C.P.C.B.: Central Pollution Control Board, Ministry of Environ-
ment and Forests. Government of India, New Delhi, 2009, "Na-
tional Ambient Air Quality Standards", Air (Prevention and Con-
trol of Pollution) Act, 1981, B-29016/20/90/PClI-I dated Novem-
ber 18, 2009.

3. C.P.C.B.: Central Pollution Control Board, Ministry of Environ-
ment and Forests, Government of India, New Delhi, National
Air Quality Index. Control of unban pollution series, CUPS/82/
2014-15, 2014.

4. K. Katsouyanni, British Medical Bulletin, 2003, 68, 143.

P. K. Mandal and A. Bandyopadhyay, Environ. Qual. Manage.,
2013, 23(1), 83.

6. W.B.P.C.B.: West Bengal Pollution Control Board, Department
of Environment, Government of West Bengal, Kolkata, India,
Annual Report: 2008-2010, Environmental monitoring, Part I,
Chap. 5, 2010, 60-96.

7. W.R. Ott, "Environmental indices theory and practice", Ann Ar-
bor Science Publishers Inc., Ann Arbor, Mich 48106, 1978.



