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ABSTRACT. Collocated particulate matter concentration data of three stations Vi-
sakhapatnam, Amaravathi and Tirupathi belonging to state of Andhra Pradesh in
India was analysed for the period 2018 — 2020. These stations were selected based
on their geographical, demographical and industrial conditions. Regression anal-
ysis was done by taking PM2.5 and PM10 as dependent and NO, CO, SO2,03,T
(Temperature) and RH (Relative Humidity) as independent variables for all three
stations along with analysis of seasonal variation. The observed average values of
PM2.5 and PM10 concentrations are 84.84 ;g/m? and 106.52 pg/m? for Visakha-
patnam followed by 34.99 ug/m? and 71.98 ug/m? for Amaravathi follwed by
24.96 pg/m3 and 157.01 ug/m? for Tirupathi between January 2018 to Sep-
tember 2020. The observed mean values of PM2.5 and PM10 concentrations for
Visakhapatnam are 73.37 pug/m? and 146.52 pg/m? during winter, 29.7 ug/m3
and 90.48 p1g/m? during summer and 135.11 $ug/m? and 93.00 pug/m? during
monsoon. Their values for Amaravthi are 61.42 pg/m® and 108.28 ug/m? dur-
ing winter, 20.07 ug/m? and 63.19 ug/m? during summer and 18.37 ug/m?
and 45.55 pg/m? during monsoon. Similarly for Tirupathi these values are 39.65
pug/m? and 73.07 pg/m? during winter, 29.22 pug/m? and 63.08 pg/m? during
summer and 15.11 pug/m? and 47.07 pg/m? during monsoon. These observa-
tions indicate higher particulate matter concentration during winter season. Sum-
mer concentrations should be minimum but slightly more than monsoon which
might be due to COVID-19 lock-down during 2020 summer.
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1. INTRODUCTION

India being the rapid developing country with big population, urbanization and
huge industrialization that led to severe enhancement in traffic pollution as well
as industrial pollution in addition to other regular emissions. This impacts lo-
cal environment affecting human health [1]. Many reports world wide indicated
the affect of particulate matter on surrounding environment as well as human
health on global scale [2]. Monitoring and analysis of PM concentrations for
eight Chinese stations indicated that PM2.5/PM10 ratios decreased from south-
east to northwest depending on different industries and other developments in
that region. High values were reported during winter season for all the regions of
study particularly weekends recorded high values than normal weekdays in ma-
jority regions [3]. The concentration of PM2.5 show declining trend in USA since
the year 2000 on implementation of several precautionary measures [1]. Padoan
E et.al.,, 2016 reported [4] that PM10 concentration injects harmful chemicals
into human respiratory system affecting blood vessels, heart and other immune
systems. Reshmi Das et.al., 2015 [5] measured winter concentrations of PM2.5
and PM10 for sixteen locations in Kolkata(India) during 2013 and 2014 and re-
ported huge increase in concentration from 83ug/m3—783ug/m3 for year 2013
and 167ug/m3—928ug/m3 for year 2014 through modelling. Since winter sea-
son affects more on human respiratory system seasonal analysis of particulate
matter concentration may lead to significant output. Millions of people are re-
ported to die due to air pollution [6]. Keeping this in view statutory body of
Indian Government, Central Pollution Control Board (CPCB) fixed the values of
PM10 as 100ug/m3 (daily limit) and 60ug/m3 (annual limit) through out India
[7]. However, continous industrial and vehicular emissions enhance PM10 above
CPCB levels in maximum number of cities [8]. New Delhi, the capital of India
witnessed heavy air pollution during November 2019. According to Indian Air
Quality standards the concentration of RSPM in ambient air on 24 hour basis for
rural,residential or other location is 100ug/m3, for sensitive location 75ug/m3
and for industrial location it is 150 ug/m3 [7].Since particulate matter concentra-
tion varies according to season and impacts human health especially in winter we
attempted to analyse this concentration seasonally at mentioned three locations
in the state of Andhra Pradesh in India.
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Andhra Pradesh is a newly divided state formed in 2014 with 54 million popu-
lation and 13 districts in southeastern coastal region of India. It has a big coastline
of about 974 km and known as the rice bowl of India for being a major producer
of rice. It is the only state in India with three capitals in which Visakhapatnam the
biggest city being the executive capital while Amaravati being the legislative capi-
tal. Tirupathi is one of the world famous religious city with 18.25 million visitors
per year. Visakhapatnam represents coastal, urban and industrial station and is the
only rapid growing cities with increase in population and traffic pollution on daily
basis. Its population is twenty four lakhs in 2019 (Population Research Centre,
Andhra University). As per the data of City Police 7.9 lakh vehicles pass through
the city every day with annual increase of twenty thousand new vehicles. Since
this city encounters heavy constructions, huge traffic, have many public and pri-
vate industries air pollution need to be monitored and analyzed. Amaravathi rep-
resent plain and green station with less traffic and population of 7.52 lakh while
Tirupathi is an urban agglomerated city with hills and huge tourist traffic having
6.79 lakh population. These three locations are different in their geographical and
demographical conditions with Visakhapatnam being highly polluted followed by
Amaravathi followed by Tirupathi. Hence they are selected to analyse the particu-
late matter concentration at these locations and arrive at interesting results if any.
Regression analysis for all three mentioned locations was done with PM2.5 and
PM10 as dependent and NO, NO2, SO2, CO, O3, RH and T variables as indepen-
dent. The idea is to check the dependence of PM2.5 and PM10 concentrations on
other variables on diurnal and seasonal basis for these stations. The impact of RH
on PM concentration was reported by [9].

2. DATA AND METHODOLOGY

Hourly values of PM10, PM2.5, SO2, NO2, NO, CO, 03, RH and T during Jan-
uary 2018 - September 2020 were downloaded from the official government web
site of CPCB [10] assuming no quality compromise exists. From these values rel-
evant analysis was done to estimate the dependence of PM2.5 & PM10 on other
independent variables. This analysis may help in developing a regression model
that enabling us to estimate the correlation of PM2.5 & PM10 with other vari-
ables. Significant correlation between PM2.5 and other variables for Xian (China)
was reported by using multi regression analysis [11]. Relevant feature analysis
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TABLE 1. Correlation between between PM2.5 and other variables
for three stations

Visakhapatnam(PM2.5) Amaravathi(PM2.5) Tirupathi(PM2.5)
Multiple R 0.839862823 Multiple R 0.806836152 Multiple R 0.791381175
R2 0.705369562 R2 0.650984576 R2 0.626284163
Adjusted R2 | 0.703122924 Adjusted R2 | 0.648153628 Adjusted R2 | 0.623477285
Std. Error 15.61776693 Std. Error 15.59596207 Std. Error 10.04302086
Observations 926 Observations 871 Observations 940
P-value Corr. Coff P-value Corr. Coff P-value Corr. Coff
Intercept 0.37089721 | -9.2242761 Intercept 0.009245141 | 19.54774 Intercept 7.7815E-10 | -59.33336
RH 0.705739758 | 0.0400548 RH 9.20036E-08 | 0.407861 RH 1.2309E-23 0.361054
Temp 2.13362E-05 | -0.9910962 Temp 0.000322253 | 0.765708 Temp 0.02111003 0.730251
SO2 0.521438409 | 0.05464663 SO2 0.000282103 | 0.323090 SO2 3.7148E-16 | 1.123330
NO 0.040199406 | -0.1324347 NO 0.037841991 | 0.318325 NO 4.1169E-10 | 0.295039
NO2 9.10476E-33 | 0.59032321 NO2 4.3955E-101 | 0.902959 NO2 4.8794E-35 0.269869
CcO 5.23214E-34 | 26.6579507 CO 0.000113499 | 7.912222 CO 5.7485E-08 7.198026
03 3.55222E-97 | 0.53618131 Ozone 1.50102E-37 | 0.488051 03 1.9727E-56 | 0.414889

TABLE 2. Correlation between PM10 and other variables for three stations

Visakhapatnam(PM10) Amaravathi(PM10) Tirupathi(PM10)
Multiple R | 0.815423109 Multiple R | 0.816955492 Multiple R 0.736825
R2 0.664914847 R2 0.667416276 R2 0.542911
Adjusted R2 | 0.662359731 Adjusted R2 | 0.66471861 Adjusted R2 0.539478
Std. Error | 30.14589415 Std. Error | 25.30964535 Std. Error 18.66002
Observations 926 Observations 871 Observations 940
P-value Corr.Coff P-value Corr.Coff P-value Corr.Coff
Intercept 5.7274E-18 | 175.395498 | Intercept 80.84029771 Intercept -50.8675
RH 4.89181E-11 | -1.3621031 RH 5.26642E-11 | -0.76755449 RH 0.004234441 | 0.057591
Temp 4.45608E-08 | -2.4707561 Temp 6.52253E-10 | -0.92618417 Temp 0.376790555 | 1.815173
SO2 0.919693156 | -0.0165854 SO2 0.007246996 | 0.331086602 SO2 0.002059147 | 1.727434
NO 0.002136939 | 0.38311331 NO 0.021549365 | 0.561469138 NO 1.1961E-11 | 0.080133
NO2 8.5065E-44 | 1.34544290 NO2 0.024042145 | 1.340025468 NO2 0.356008133 | 0.507512
CcO 2.57245E-29 | 47.2916038 CcO 5.01576E-88 | 13.91101634 CO 8.67358E-36 | 10.15515
03 2.71893E-25 | 0.46784232 Ozone 2.93406E-05 | 0.712097469 03 3.56261E-05 | 0.507131

between PM2.5 and PM10 and other independent variables for Visakhapatnam,
Amaravathi and Tirupathi are given below.

3. RESULTS AND DISCUSSION

Tables.1&2 display the obtained significance levels (p-value) for PM2.5 and
PM10 with RH, T, SO2, NO, NO2, CO and O3 for the study period. If p-value
is below 0.050 it qualifies the significance test and can be used in model build-
ing. But many of the variables are found to be not significant. Table.1 indicate
+ve correlation between PM2.5 & RH, SO2, NO2, CO, O3 and -ve correlation
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between PM2.5 and NO,Temperature for Visakhapatnam. This is due to Visakha-
patnam being coastal station Relative Humidity is always high. Hence RH exhibit
positive correlation indicating that the particle size increases with humidity and
probability of converting PM2.5 to PM10 is high. At the same time temperature
exhibiting negative correlation indicate less formation of PM2.5 particles which is
more relevant during summer season. Since Visakhapatnam is an industrial loca-
tion emission of SO2 is always intact showing positive correlation. At the same
time Amaravathi and Tirupathi stations show positive correlation between PM2.5
and other variables during the same period but with low correlation values. Table.
2 depict +ve correlation between PM10 & NO, NO2, CO, O3 and -ve correlation
between PM10 and RH, T,SO2 for Visakhapatnam. Amaravathi show negative
correlation between PM10 & RH, T and +ve correlation with remaining variables
during the same period. Tirupathi show positive correlation between PM10 and all
variables. From the two tables it is observed that Amaravathi and Tirupathi show
same behavior in case of PM2.5 concentration while Visakhapatnam and Amara-
vathi show similar behaviour in case of PM10 concentration. However seasonal
analysis of particulate matter concentration is necessary to know the impact of this
pollution on human health with more focus on winter season.

4. SEASONAL VARIATION IN PARTICULATE MATTER CONCENTRATION

Particulate matter concentration ( PM2.5 or PM10) affects human health. Re-
ports have already indicated its impact on respiratory system. However this con-
centration need to be analysed seasonally since parameters like temperature and
humidity vary depending on particular season. Even though emission of pollutants
may depend on many factors seasonal changes impact pm concentration to some
extent. Hence the obtained data is aggregated season wise given by Winter(Nov
-Feb), Summer(Mar-June) and Monsoon(July to Oct) and regression analysis is
done for all the three stations for the study period.

4.1. Seasonal Trends of PM2.5 and PM10 at Visakhapatnam. Particulate mat-
ter concentration affects human respiratory system. Since diseases related to res-
piratory system depends on season an attempt was made to analyse PM2.5 and
PM10 in terms of three seasons winter , summer and monsoon.

Tables 3 and 4 show the correlation between PM2.5 and PM10 concentrations
on Relative Humidity(RH), Temperature(T), SO2, NO, NO2, CO and O3 for winter,
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TABLE 3. Seasonal variation of PM2.5 for Visakhpatnam(2018-2020)

Winter Summer Monsoon
Multiple R | 0.830951 | Multiple R | 0.752464 | Multiple R | 0.681437
R2 0.69048 R2 0.566202 R2 0.464357
Adjusted R2 | 0.681983 | Adjusted R2 | 0.557526 | Adjusted R2 | 0.451732
Std. Error 19.0122 Std. Error | 9.640032 Std. Error 12.75555
Observations 263 Observations 358 Observations 305

Corr. Coff Corr. Coff Corr. Coff

Intercept -12.5389 Intercept 22.78854 Intercept 55.35415
RH 0.734927 RH -0.00655 RH -0.55059
Temp -2.18444 Temp -0.8883 Temp -0.50285
S0O2 1.693031 SO2 -0.1528 SO2 -0.33209

NO -0.06339 NO 0.0279 NO 0.072566
NO2 0.378278 NO2 0.449018 NO2 0.554524
CO 39.70086 CoO 19.84147 CO 14.11457

03 0.419132 03 0.422997 03 0.383771

TABLE 4. Seasonal variation of PM10 for Visakhpatnam(2018-2020)

Winter Summer Monsoon
Multiple R | 0.876757 | Multiple R | 0.726865 | Multiple R | 0.710866
R2 0.768702 R2 0.528332 R2 0.50533
Adjusted R2 | 0.762353 | Adjusted R2 | 0.518899 | Adjusted R2 | 0.493671
Std. Error | 30.45344 | Std. Error | 24.43042 | Std. Error | 29.00444
Observations 263 Observations 358 Observations 305
Corr. Coff Corr. Coff Corr. Coff
Intercept 105.4907 Intercept 160.4952 Intercept 270.7231
RH 0.036262 RH -0.78612 RH -3.09441
Temp -4.24569 Temp -2.8215 Temp -0.7485
SO2 2.473484 SO2 -0.17282 SO2 -0.6866
NO 0.537755 NO -0.03074 NO 0.298818
NO2 0.919919 NO2 0.937703 NO2 1.34382
CO 64.91499 CO 51.0744 CO 32.28153
03 0.414429 03 0.616367 03 0.383299
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summer and monsoon seasons during the period 2018-2020 for Visakhapatnam
station. From this analysis it is clear that RH and SO2 shows negative correlation
during summer and monsoon while Temperature shows negative correlation for
all the three seasons with PM2.5. The same trend is exhibited by RH, SO2 and
Temperature with PM10 concentration also. This clearly indicates that Tempera-
ture exhibits negative correlation with PM2.5 irrespective of season. At the same
time RH exhibit positive correlation with PM2.5 for overall data while it show neg-
ative correlation during summer and monsoon seasons. The same trend is shown
by PM10 concentration with respect to RH. Since Visakhapatnam is a station with
year long high humidity which impact PM concentration its dependence on RH
should be analysed in more detail which may lead to interesting results. Similarly
SO2 which exhibited positive correlation with PM2.5 for overall data show neg-
ative correlation during summer and monsoon while PM10 which show negative
correlation for overall data as well as during summer and monsoon seasons.

TABLE 5. Seasonal variation of PM2.5 for Amaravathi(2018-2020)

Winter Summer Monsoon
Multiple R | 0.7695601 | Multiple R | 0.506249 | Multiple R | 0.849574
R2 0.59222275 R2 0.256288 R2 0.721777
Adjusted R2 | 0.58237985 | Adjusted R2 | 0.238819 | Adjusted R2 | 0.714257
Std. Error | 17.2155427 | Std. Error | 9.610927 | Std. Error | 7.112837
Observations 298 Observations 306 Observations 267

Corr. Coff Corr. Coff Corr. Coff

Intercept | 16.6496209 | Intercept 1.883892 Intercept -44.5311
RH 0.78745076 RH -0.03256 RH 0.198172
Temp -2.4638798 Temp -0.02627 Temp 0.445379
SO2 0.21774832 SO2 0.342115 SO2 0.275103

NO -0.6265041 NO 0.761818 NO -0.26828
NO2 0.78412576 NO2 0.397629 NO2 1.001184

CO 0.28956581 CO 15.48405 CO 6.848215

03 0.60177005 03 0.113657 03 0.442206

4.2. Seasonal trends of PM2.5 and PM10 at Amaravathi. Tables 5 and 6 show
the correlation between PM2.5 and PM10 concentrations on Relative Humidity(RH),
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TABLE 6. Seasonal variation of PM10 for Amaravathi(2018-2020)

Winter Summer Monsoon
Multiple R | 0.817657 | Multiple R | 0.621392 | Multiple R | 0.850521
R2 0.668563 R2 0.386128 R2 0.723386
Adjusted R2 | 0.660563 | Adjusted R2 | 0.371708 | Adjusted R2 | 0.71591
Std. Error | 24.56404 | Std. Error | 22.14755 | Std. Error | 17.62713
Observations 298 Observations 306 Observations 267

Corr. Coff Corr. Coff Corr. Coff

Intercept 213.9539 Intercept 94.69784 Intercept -53.0152
RH -0.84583 RH -1.13742 RH -0.40661
Temp -4.12254 Temp -0.37868 Temp 2.04477
SO2 0.315318 SO2 0.246679 SO2 0.449633
NO -0.00279 NO 1.612356 NO -0.21844
NO2 1.18221 NO2 1.221588 NO2 2.138547
¢0) -9.89259 CcoO 33.32454 CO 15.07161

03 0.635538 03 0.262209 03 0.800635

Temperature(T), SO2, NO, NO2, CO and O3 for winter, summer and monsoon sea-
sons during the period 2018-2020 for Amaravathi station. From this analysis it is
clear that RH show negative correlation during summer while Temperature shows
negative correlation for winter and summer seasons with PM2.5. At the same time
RH show negative correlation for all seasons with PM10 concentration while Tem-
perature show negative correlation during winter and summer seasons. Here it
should be noted that in case of PM10 overall data show positive correlation with
all variables while PM2.5 exhibited negative correlation with temperature in the
same case. Hence seasonal impact on RH and Temperature at Amaravathi need to
be analysed.

4.3. Seasonal Trends of PM2.5 and PM10 at Tirupathi. Tables 7 and 8 show the
correlation between PM2.5 and PM10 concentrations on Relative Humidity(RH),
Temperature(Temp), SO2, NO, NO2, CO and O3 for winter, summer and monsoon
seasons during the period 2018-2020 for Tirupathi station. From this analysis it
is clear that all the variables show positive correlation with PM2.5 for all seasons
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TABLE 7. Seasonal variation of PM2.5 for Tirupathi(2018-2020)
Winter Summer Monsoon
Multiple R 0.69575 Multiple R | 0.722804 | Multiple R | 0.741309
R2 0.484068 R2 0.522445 R2 0.549539
Adjusted R2 | 0.47103 | Adjusted R2 | 0.512376 | Adjusted R2 | 0.539268
Std. Error | 13.83234 | Std. Error | 7.019088 | Std. Error | 5.893147
Observations 285 Observations 340 Observations 315
Corr. Coff Corr. Coff Corr. Coff
Intercept -29.6658 Intercept -59.4095 Intercept -44.1554
RH 0.17436 RH 0.26733 RH 0.213306
Temp 0.269276 Temp 1.334027 Temp 0.8327
SO2 0.809634 SO2 1.346483 SO2 0.144516
NO 0.353023 NO 0.076589 NO -0.11815
NO2 0.203707 NO2 0.220153 NO2 0.40851
CO 8.594673 CO 4.951078 CO 6.385528
03 0.536445 03 0.208666 03 0.324194

as well as overall data. This clearly indictee seasonal impact on PM2.5 concentra-
tion for Tirupathi station is negligible. In case of PM10 concentration RH during
monsoon and Temperature during winter show slight negative correlation contra
to Positive correlation exhibited for overall data which may be analysed. However
NO show negative correlation with PM10 during summer and monsoon.

4.4. Mean concnetration of PM2.5 and PM10 for Visakhapatnam, Amaravathi
and Tirupathi. Table 9. shows the mean concentrations of PM2.5 and PM10 for
the overall study period 2018-2020 as well as for Winter , Summer and Monsoon.
From the table it is clear that both concentrations are high for Visakhapatnam
followed by Amaravathi and Tirupathi for the study period as well as season wise.
Since Viskhapatnam is densely populated city with huge traffic and industries it
witnesses highest concentrations. As per the previous reports winter will witness
high concentrations while summer will encounter low concentrations. However
in the above table summer values are slighlty less than monsoon which may be
attributed to recent worldwide lockdown effect during summer 2020 (March to
June).
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TABLE 8. Seasonal variation of PM10 for Tirupathi(2018-2020)

Winter Summer Monsoon
Multiple R | 0.712881 | Multiple R 0.68167 Multiple R | 0.760792
R2 0.5082 R2 0.464674 R2 0.578804
Adjusted R2 | 0.495772 | Adjusted R2 | 0.453388 | Adjusted R2 | 0.5692
Std. Error | 19.49401 Std. Error | 17.14458 | Std. Error | 15.06914
Observations 285 Observations 340 Observations 315
Corr. Coff Corr. Coff Corr. Coff
Intercept -2.82297 Intercept -47.2985 Intercept -7.34717
RH 0.260395 RH 0.371305 RH -0.51414
Temp -0.47839 Temp 1.505875 Temp 1.424874
S0O2 1.204536 SO2 1.115463 SO2 1.886859
NO 0.373743 NO -0.66296 NO -0.12315
NO2 0.301171 NO2 0.892143 NO2 0.965227
CO 12.93526 CoO 9.734559 CO 12.14179
03 0.833403 03 0.155192 03 0.406394

TABLE 9. Mean concentration of PM2.5 and PM10 for three
stations(2018-2020)

Station Overall Period Winter Summer Monsoon
PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10

Cug/m?®) | Cug/m*) | Cug/m?®) | Cug/m*) | Cug/m?®) | Cug/m*) | Cug/m?®) | Cug/m*)

Visakhapatnam | 84.84 106.52 73.37 146.52 29.7 90.48 35.11 93
Amaravathi 34.99 71.98 61.42 108.28 25.07 63.19 18.37 45.55
Tirupathi 24.96 57.01 39.65 73.07 22.99 61.08 15.11 42.07

5. CONCLUSIONS

PM2.5, PM10 and other pollutant data between 2018-2020 for three stations
Visakhapatnam, Amaravathi and Tirupathi of state of Andhra Pradesh(India) was
analysed by using multi variant correlation analyses. Correlation between PM2.5
& PM10 concentrations and other pollutants such as SO2, NO, NO2, CO, O3 in-
cluding parameters like Relative Humidity(RH) and Temperature was done. The
results indicated linear relationship between PM2.5&PM10 with SO2, NO, NO2,
CO, 03, RH, T during this period with correlation between different pollutants
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due to various processes involved. Correlation analysis for complete data as well
as seasonal data was done.The main observations include

1. No significant relevance between PM2.5 & PM10 with majority of dependent
variables. Hence all these variables cannot be used for building regression model.
2. The seasonal concentrations of PM2.5 and PM10 for the three stations are not
uniform indication the impact of other local and meteorological factors that influ-
ence these concentrations.

3. Both PM2.5 and PM10 concentrations are high for Visakhapatnam followed by
Amaravathi and Tirupathi for the study period as well as season wise. Summer
concentrations are slighlty less than monsoon which may be attributed to recent
worldwide lockdown effect during summer 2020 (March to June).
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