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ABSTRACT: This paper presents a study on the estimation of variation of air pollutant concentration in different areas
based on the type of activities carried out in a region and ascertaining the need of separate monitoring stations in these
areas. There are seven National Ambient Air Quality Monitoring Stations (NAAQMS) in Ernakulam which monitors
Respirable Suspended Particulate Matter(RSPM), Suspended Particulate Matter (SPM),SO, and NO, Statistical
approach consisting of Analysis of Variance (ANOVA) was applied to determine whether there is any significant
difference in pollutant emissions between various monitoring stations. The temporal variation in the same period was
also evaluated. ANOVA test helped in ascertaining the variation of pollutant concentration among the stations. Then,
Tukey Kramer test was conducted to identify the stations which show significant difference in pollutant concentration
for all the four pollutants. It was observed that in some stations there was no significant difference in pollutant
concentration. Hence separate monitoring stations in such areas can be reduced. This data can be used as a basis for
selecting monitoring stations in an area.

KEYWORDS: Tukey Kramer, ANOVA null hypothesis, test statistics.

. INTRODUCTION

Air pollution refers to the contamination of air which causes difficulty for plants, animals and humans to survive. In
India, air pollution is quite a serious issue™™. Hence, monitoring stations are being set upunder the National Air Quality
Monitoring Programme (NAMP) across all the states so as to monitor the air quality by Central Pollution Control
Board (CPCB).Many stations are being set up in different districts in Kerala as a part of this programme to measure the
quality of air. Initially, the stations were categorized as located in industrial, residential and commercial zones. Later
the air quality standards have been revised by the Central Pollution Control Board on April 11, 1994 and the
classification of stations was reduced into two zones such asindustrial, residential, rural and other areas
and;ecologically sensitive area .

The main objective of the study was to assess whether there exists any significant difference in pollutant concentration
between thesemonitoring stations. The temporal variation of air pollutants in each of these stations was carried out for a
period of four years. Tukey Kramer test was then conducted to identify the pair of stations which show significant
difference in pollutant concentration.The necessity of seven number of monitoring stations in Ernakulam was thus
investigated.
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. RELATED WORK

Rob et al., (2013) developed Land Use Regression (LUR) models in thirty-six study areas in Europe and explained the
spatial variation of air pollutant concentration in each area.Centrally and locally available Geographic Information
System (GIS) variables were used as predictors. Finally, a leave-one out cross-validation procedure was used to
evaluate the model performance ©*!. Allaa et al., (2013) evaluated air quality in Bhagdad city by analysis of heavy metals
(Ni, Cu and Pb) using ANOVA two-way test. Baghdad’s air pollution levels and the health and economic impact of
those air pollution levels were assessed. ANOVA two-ways test with respect to space and time was used for the study.
From the study, it was found thatheavy metals Ni, Cu and Pb were one of the main reasons of air pollution in Baghdad
city™.Nur et al., (2015) carried out a preliminary assessment for pollutant sources identification using a statistical
approach consisting of Analysis of Variance (ANOVA) and Principal Component Analysis (PCA). By ANOVA test,
the significant difference in pollutant concentration between monitoring siteswas assessed. Then, by PCA the various
pollution sources in each monitoring site was identified based on the activities carried out in the area™.Quentinet al.,
(2015) explored the relationship between neighborhood definition and exposure assessmentusing twelve exposure
assessment techniques. The pollutant concentration of each areawas calculated based on pollution sources, topography,
urban morphology, meteorology, etc.Exposure estimates were taken at different buffer zones around buildings and the
estimates were found to be different for each buffer zone. This variation was then related to the definition of each
neighborhood ). Kamalet al., (2015) conducted a cluster analysis to reduce the air quality monitoring station network
density in Delhi, India with a minimum loss of air quality data. The existing air quality monitoring stations have been
grouped using fuzzy similarity measures. Non-linear mapping method and fuzzy c-mean (FCM) clustering method was
used for further classification of monitoring stations. Finally, decision was taken based on the results of both fuzzy
similarity measure and FCM"),

M. METHODOLOGY

The study area selected was Ernakulam, the industrial capital of Kerala. There areseven air quality monitoring stations
in Ernakulam which are so located to cover industrial, residential and sensitive areas as shown in Table 1.

Table 1.NAAQMS in Ernakulam

Sl Station name Index Category
N10. Ernakulam South S Residential
2 M. G. Road S, Residential
3 Vytila S Residential
4 Irumpanam S, Industrial
5 Kalamassery Ss Industrial
6 Eloor 1 Se Residential
7 Eloor 2 S; Industrial
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The monitoring stations were located at different spatial levels as shown in Fig. 1.
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Fig. 1. Map showing Air Quality Monitoring Stations

Statistical analysis of data using Analysis of Variance was conducted to determine whether there is any variation in
pollutant emission among stations. The stations where there was significant difference in pollutant concentration was
identified through Tukey Kramer test. The temporal variation of air pollutant concentration was analysed over a period
of four years. The need of seven air quality monitoring stations in Ernakulam was also ascertained.For the seven air
quality monitoring stations, four-year daily data from 2011- 2014 of SPM, RSPM, SO, and NO, was collected from
Kerala State Pollution Control Board (KSPCB), Ernakulam.

For conducting ANOVA test, first a null hypothesis was framed that the mean value of pollutant emissions is the same.
The test statistics f and the critical value of f which was determined from ANOVA tables as a function of degrees of
freedom were compared. If f>f.ica . then the null hypothesis is rejected. The p value,which is the probability of a value
of f greater than or equal to the observed valueand the fifth percentile value awere compared.a value is the probability
of rejecting the null hypothesis given that it is true. It is usually set at or below 5%. If p<a,the null hypothesis is
rejected and we accept the alternate hypothesis that the mean value of pollutant emissions was different. The test
statistics f is obtained from the mean sum.

The mean sum of squares is computed by dividing the sum of squares by the degree of freedom.

Mean sum = S¥mof Squares 0
d.o.f
where,
d.o.f = degree of freedom=n -1 @

Three sum of squares were calculated- total sum of squares, between sum of squares and within sum of squares. Total
Sum of Squares is the sum of the squares of the deviations of all the observations from their mean and it relates to the
total variance of the observations.Total sum of squares can be partitioned into between sum of squares and within sum
of squares.
Total Sum of Squares,
TSS = Sum of square of each observation — C (3)

Where,

C= Correction factor

Correction factor was calculated by dividing the grand total square by number of observations.
(sum of observations)? (4)

Correction factor, C = -
number of observations
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Sum of squares between groups examines the differences among the group means by calculating the variation of each
mean around the grand mean.
Between Sum of Squares,

BSS= (Sumof obse‘rvatiO‘fl in e.ach group)? } (5)
Number of observations in each group
Sum of squares within groups examines variation of individual scores around each group mean.
Within Sum of Squares,
Within Sum of Squares = TSS — BSS (6)
Tukey Kramer test was conducted to identify the stations which show significant difference in pollutant
concentration.The test was conducted by using the software Graph Pad Prism. If the test statistics q is greater than the
critical value of q i.e., g > Qeriticat, then means are said to be significantly different and vice versa.First step was to find
the absolute difference between average of each pair of group to be compared. Then the test statistics g was determined.
Test statistics,
q="=2(7)

Where,
Y a = larger of the two means being compared
Y= smaller of the two means being compared

SE= Standard Error=s \/% (8)

Where, s= variance
n= number of observations

IV.EXPERIMENTAL RESULTS

ANOVA test was conducted to identify the variation in pollutant concentration between different monitoring stations
using Microsoft Excel and it yielded the following results as shown in Table 2.

Table 2. Variation of RSPM Concentration Between Stations In 2014

Anova: Single
Factor
SUMMARY
Groups Count Sum Average Variance
S1 12 836.416 69.701 395.107
Sz 12 854.929 71.244 326.423
Ss 12 817.972 68.164 749.252
Sy 12 1279.615 106.635 2886.666
Ss 12 563.118 46.926 200.269
Se 12 630.957 52.580 120.185
Sy 12 655.285 54.607 179.647
ANOVA
Source of P-
Variation SS Df MS f value ferit
8.1 x
Between Groups ~ 28343.213 6.000 4723.869 6.807  10%® 2.219
Within Groups 53433.036 77.000 693.936
Total 81776.249 83.000
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From the above results, it was observed that the two conditions > fii.a and p < a were satisfied. Therefore, we reject
the null hypothesis and accept the alternate hypothesis.Thus, it was concluded that there exists significant difference in
RSPM concentration between stations in 2014. Similarly, ANOVA test was conducted for RSPM for the subsequent
years and for the remaining pollutants for the four-year time period. Fromthe results of ANOVA, it was observed that
except for SO, concentration in the years 2012 and 2013, in all other cases there exists significant difference in
pollutant concentration.

The temporal variation of each pollutant in each monitoring station was determined in the same manner as that of the
variation of pollutants among stations and was as shown in Table 3.

Table 3. Temporal Variation of RSPM Concentration in M.G. Road

Anova:
Single
Factor

SUMMARY
Groups Count Sum Average Variance
2011  12.000  479.544  39.962 254.316
2012  12.000 798.604 66.550  1199.877
2013  12.000  893.947  74.496 590.823
2014  12.000 854.929 71.244  326.423

ANOVA

Source of P-

Variation SS Df MS f value ferit
Between
Groups 8921.398 3.000 2973.799 5.016 0.004 2.816
Within

Groups 26085.830 44.000 592.860

Total 35007.229  47.000

In this case also, it was observed that the conditionsf> f.i.s and p < o were satisfied. Thus, the null hypothesis was
rejected and alternate hypothesis was accepted. Thus, it was concluded that there exists significant difference in RSPM
concentration over the years in M.G. Road. ANOVA test was conducted for RSPM for the remaining stations and for
the remaining pollutants over the years and it was observed that almost all the stations show variation of pollutant
concentration over the years. But, RSPM concentration in Kalamassery and SPM concentration in Ernakulam South
were found to be free from temporal variation.

Tukey Kramer test was conducted to identify the pair of stations which show significant difference in pollutant
concentration. A sample of the results obtained from the software is shown in Table4.
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Table 4. Tukey Kramer Result of Variation in RSPM Concentration between Stations in 2014

Tukey's multiple Mean 95% CI of Adjusted

comparisons test Diff. diff. Significant? Summary P Value
S;vs. S, -1.54 -34.1t031.0 No Ns  >0.9999
S; vs. Sg 154 -31.0t034.1 No Ns  >0.9999
S;vs S, -36.9 -69.5 to -4.37 Yes * 0.0160
S; vs. Ss 22.8 -9.791055.3 No Ns 0.3529
S1Vs. Sg 17.1 -15.4t049.7 No Ns 0.6876
Si1vs. S; 15.1 -17.5t047.7 No Ns 0.7983
S, vs. Ss 3.08 -29.5t035.6 No Ns  >0.9999
S;vs. Sy -35.4 -68.0 to -2.83 Yes * 0.0243
S, vs. Ss 24.3 -8.241056.9 No Ns 0.2763
S, vs. Ss 18.7 -13.9t051.2 No Ns 0.5948
S)vs. S, 16.6 -15.9t049.2 No Ns 0.7157
S3vs. Sy -38.5 -71.0t0 -5.91 Yes * 0.0104
S3vs. Ss 21.2 -11.3t053.8 No Ns 0.4388
S3 Vs S 15.6 -17.0t048.1 No Ns 0.7732
S3vs Sy 13.6 -19.0to0 46.1 No Ns 0.8674
S4vs. Ss 59.7 27.1t092.3 Yes *xxx < 0.0001
S4 Vs, Ss 54.1 21.5t086.6 Yes *xxx < 0.0001
S4vs. Sy 52.0 19.5t084.6 Yes wxx 0.0001
Ss vs. Sg -5.65 -38.21026.9 No Ns 0.9984
S5 vs. S; -7.68 -40.21t024.9 No Ns 0.9914
Se Vs Sg -2.03 -34.6t0 30.5 No Ns  >0.9999

Mean Mean Mean SE of

Test details 1 2 Diff. diff. np n, qgq DF
S1vs. S, 69.7 71.2 -1.54 10.8 12 12 0.203 77
S1Vs. S3 69.7 68.2 154 10.8 12 12 0.202 77
S1Vs Sy 69.7 107 -36.9 10.8 12 12 486 77
S1Vs. Ss 69.7 469 228 108 12 12 299 77
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S1Vs. Sg 69.7 52.6 171 108 12 12 225 77
S1vs. Sy 69.7 546 151 108 12 12 199 77
Sy V8. S; 71.2 68.2 3.08 10.8 12 12 0.405 77
Sy V8. Sy 71.2 107 -354 108 12 12 465 77
SyVs. S5 71.2 469 243 108 12 12 3.20 77
SyVvs. Sg 71.2 52.6 18.7 108 12 12 245 77
Syvs. Sy 71.2 546 16.6 108 12 12 219 77
S3Vs. Sy 68.2 107 -385 108 12 12 5.06 77
S3Vs. S 68.2 469 212 108 12 12 279 77
S3 Vs Sg 68.2 52.6 15.6 108 12 12 2.05 77
S;vs Sy 68.2 546 13.6 108 12 12 1.78 77
S4Vs. S5 107 46.9 59.7 10.8 12 12 7.85 77
S4 VS, Sg 107 52.6 54.1 108 12 12 7.11 77
RYRVERRY 107 54.6 52.0 10.8 12 12 6.84 77
Ss VS, Sg 46.9 52.6 -5.65 10.8 12 12 0.743 77
S5 Vs. Sy 46.9 546 -7.68 10.8 12 12 1.01 77
Se VS Sg 52.6 54.6 -2.03 10.8 12 12 0.267 77

Here, significant difference in pollutant concentration was observed between the pairs of stations S; vs. S4, S, VS. Sy, S3
VS. Sy, S4VS. Ss, S4vs. Sg and S, vs. S;. This was because, the g value was greater than the gqiticar Value and also the p
value was less than a.Among the pair of stations, S, vs. Ss and S, vs. Sg have shown the greatest value of a four-star
significant difference. Similarly, for the all the pollutants for the four year period the test was conducted and the

stations with significant difference were identified.

The Tukey Kramer results of variation of RSPM concentration during the four years was as shown in Table 5.

Table 5. Tukey Kramer Results of Variation of RSPM Concentration

Sl Stations Significant difference
no. | Considered | among stations? (Yes/ No)
2011 | 2012 | 2013 | 2014

1 |S;vs. S, No No No No
2 S; Vs, S3 No No Yes | No
3 | S1vsS, No No No Yes

Copyright to IJIRSET DOI:10.15680/1JIRSET.2017.0605129 9267


http://www.ijirset.com

ISSN(Online) : 2319-8753
ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)
Website: www.ijirset.com

Vol. 6, Issue 5, May 2017

S; Vs, Sy No No No No
S;Vs. Sg Yes | No No No
S;vs. S Yes | No No No
S, V8. S3 No No Yes | No
S>Vs. Sy No No Yes | Yes
9 S,vs. Sy Yes | No No No
10 Sy Vs, Sg Yes | No No No
11 SHvs. S Yes | No No No
12 S3Vs. Sy No No Yes | Yes
13 S3VS. Sy No No No No
14 S;vs Sg Yes | No Yes | No
15 S3Vvs Sy Yes | No No No
16 S4 VS, Sy Yes | No Yes | Yes
17 S4 VS, Sg Yes | Yes | Yes | Yes
18 S4Vs. S, Yes | No Yes | Yes
19 S5 Vs, Sg Yes | No No No
20 S5 Vs, S, Yes | No No No
21 Se VS, S; No No No No

o|~|o|o|

For each pollutant in each year the variation was assessed. In the case of RSPM, the pair of stations which have shown no significant
difference in pollutant concentration during the four year period were S; vs. Sy, S; Vs. Ss, Sz Vs. Ss, Sg vs. Sy, Similarly, the test was
conducted for the remaining pollutants and the stations where there is no significant difference in pollutant concentration was
identified.

The results of Tukey Kramer test were summed up and the stations where there is no variation in the concentration of any of the
pollutants were identified and as shown in Table6.

Table 6. Stations showing no Significant Variation in Pollutant Concentration

Pollutants Monitoring stations
showing no variation
RSPM S1- S5 Ss

Ss- Ss

Se- Sy

SPM S1- S5 Ss

S-S5, S6. Sy

Ss- S;

Se- S7

NO, S1- Sy, Ss, Ss
Ss- S5
Sgvs. Sy

SO; S1- S5, S3, Sa, S5
S2- S5 S5

S3- S4, Ss

Ss- S5, 57

Se- Sy
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It was observed that in the case of each of the four pollutants the stations Ernakulam South, M.G. Road and
Kalamassery did not showsignificant variation in concentration. The stations Eloor 1 and Eloor 2 also did not showany
significant variationin pollutant concentration. Thus, the number of monitoring stations in these areas can be reduced.

V. CONCLUSION

The variation of air pollutant concentration within the monitoring stations in Ernakulam was assessed. By Analysis of
Variance and Tukey Kramer test the stations which have shown significant difference in pollutant concentration were
identified. The temporal variation of pollutant concentration for RSPM, SPM SO, and NO,was also determined.Thus, it
was observed that seven monitoring stations in Ernakulam is not required as there is no significant difference in
pollutant concentration. It was found that among the three monitoring stations Ernakulam South, M.G. Road and
Kalamassery only one station is required and among Eloor 1 and Eloor 2 only one station is required.
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