ISSN: 0973-4929, Vol. 17, No. (1) 2022, Pg. 122-136

Current World Environment

www.cwejournal.org

CURRENT
WORLD

ENVIRONMENT

Spatial Interpolation of the Concentrations of Particulate
Matter and Carbon Dioxide of Some Selected Tourist
Sites in Srinagar City, Jammu and Kashmir, India

FAROOQ AHMAD LONE', SOLOMON KAI BONA™, IMTIYAZ JAHANGIR KHAN',
NAGEENA NAZIR?, NAYAR AFAQ KIRMANI and AKHTAR ALI KHAN*

"Division of Environmental Sciences, Sher-E-Kashmir University of Agricultural Sciences
and Technology Kashmir, Shalimar, Jammu and Kashmir, India.
2Division of Agricultural Statistics, Sher-E-Kashmir University of Agricultural Sciences

and Technology Kashmir, Shalimar, Jammu and Kashmir, India.

3Division of Soil Science, Sher-E-Kashmir University of Agricultural Sciences
and Technology Kashmir, Shalimar, Jammu and Kashmir, India.

“Division of Entomology, Sher-E-Kashmir University of Agricultural Sciences
and Technology Kashmir, Shalimar, Jammu and Kashmir, India.

Abstract !
This investigation was carried out to monitor and prepare thematic maps of
the monthly spatial variability of the ambient concentrations of particulate

matter (PM,, PM, ., PM,, PM,;, and TSP) and carbon dioxide (CO,) of
some selected tourist sites (viz. Shalimar Garden, Chesmashahi Botanical
Garden, Harwan Garden, Nishat Garden, Naseem Bagh, Lal Chowk, and
Sher-e-Kashmir University of Agricultural Sciences and Technology of
Kashmir (SKUAST-K) Shalimar campus of Srinagar city, Kashmir valley
from November 2019 to April 2020 using the Inverse Distance Weighting
(IDW) interpolation technique in Quantum Geographical Information System
(QGIS). Considering Srinagar city as a growing city in terms of population,
construction, vehicles, etc., the Jammu and Kashmir State Pollution Control
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Board in a report on managing air quality in Srinagar city identified the eightingmaps

pollution sources in the city with their estimated source proportion as follows:
vehicular emission (65-75 %), dust from bad roads (10-15 %), biomass and
garbage burning (10-20 %), construction and demolition emissions (5-8 %),
minor industrial activities (7-8 %) and other sources (3 %). Thus, Srinagar
city’s air quality is deteriorated by these sources. Therefore,this research
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attempts to reveal the monthly variation and spatial interpolation of particulate
matter and CO,. The Aerocet 831-Aerosol Mass Monitor and CDM 901-
CO, Monitor were used fortnightly in each month to monitor the ambient
concentration of particulate matter and CO, in the morning, afternoon, and
evening and the sampling was carried out by taking three replications. From
the data, the average mean morning, afternoon and evening concentrations
of each pollutant at all the monitoring sites were as follows respectively:
PM,(67.07, 55.87,57.62 ug/m®); PM, . (129.49, 95.52, 112.50 pg/m?); PM,
(170.44, 121.09, 161.81 ug/m?); PM, (315.49, 203.09, 383.97 pg/m?); TSP
(376.43, 240.49,496.55 pg/m); and CO, (595.33, 557.94, 601.07ppm)
showing that the morning and evening concentrations of pollutants were
highest in Srinagar city. Also, the data and IDW maps make it clear that there
was a statistically significant (p < 0.05) variation of the monthly mean and the
average six months concentrations of the monitored pollutants between most
of the monitoring sites. This informs us that the concentration of particulate
matter and carbon dioxide varies on monthly basis with distance from one
location to another in Srinagar city. The correlation of the monthly average
of most locations was non-significantly positive between most parameters
but significantly strongly positive between PM,, PM, , and PM, at p < 0.01
with each other. Also, there was a significantly strong positive correlation
(p = 0.05) between PM, and PM, , and likewise PM, and TSP. Thus,
indicating that all the monitored parameters increase or decrease with
each other simultaneously. It is therefore concluded that the poor air quality
of Srinagar city varies with distance as depicted by the data and IDW
maps with respect to the monitoring sites and the monitored pollutants.
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Thus, giving an idea of the pollutants blanket over the city.

Introduction

Particulate matter pollution and increase in carbon
dioxide concentration are seen as the major troubles
man is facing today with respect to health and the
environment. In 2016, the health effect institute
(IHE) noted that the chronic exposure to ambient
PM, . killed about 4.1 million people and caused
the disability-adjusted life years’ (DALYS’) loss to
106 million; the highest total deaths were obtained
in India (25%) and China (26%)." These data were
obtained by the extensive air quality monitoring
network stations in urban areas of developed
countries and the satellite observation of air quality
combined with obtained information from models
of global chemical transport to estimate the global
PM, . concentration and its consequent effects on
humans." PM, , originates from fossil fuel combustion
in power plants, congested traffic flow, heating
from residential and industrial areas using oil, coal,
or wood.? PM, has adetrimental effect on human
health by its blocking and destructive effect on the
nasal and bronchial passages, igniting different

respiratory-related effects that end up in sickness
or death.® PM, consists of anthropogenically derived
particles having dangerous impacts on the human
respiratory and cardiovascular systems by directly
entering into the blood system.* Very small particles
(<1um) pass into the lungs and then the blood stream
via the blood barriers and cause some severe health
complications.* One of the major concerns related to
airin today’s scenario is the increasing concentration
of carbon dioxide and its role in the environment.
Atmospheric CO, has been increasing by ~3 ppm/
year since 2001 and can be attributed to the increase
in the global use of fossil fuels, particularly in China
and India.® The situation of Kashmir is no different
from that of other parts of India and the world.
Even Srinagar city is exhibiting increased
concentrations of particulate matter and CO, due to
industrialization and increased vehicular population.®
The ambient concentrations of particulate matter
and carbon dioxide caused by vehicular pollution
was monitored from 2019 to 2020 in Srinagar city
and the findings showed that during the whole
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period, average PM, concentrations ranged from
15.10 -108.9 ug/m?3, PM, . (28.70 -577.50 ug/md),
PM, (44.50 -780.87 pg/m?), PM,  (57.13-1225.53
pg/m?3), TSP (77.77-1410.27 pg/m?) and CO,
(332.4 - 655.0 ppm).”

The Inverse Distance Weighting (IDW) technique
of spatial interpolation that is available in geospatial
tools like the QGIS, ArcGIS, etc. estimates cell
values by weighting values of geometric data in
the neighborhood of each processed cell. In the
weighting process, the points situated nearer to
the cell centre have more influence or weight on
the processed cell. This technique assumes that
as distance increases from the sampling site,
the influence of the entered variables on the maps
decreases with respect to the sampling site.®
The inverse distance weighting has been proven as
the finest technique for the interpolation of air quality
assessment data in urban delicate zones.® It has
also been proven to produce a better comparison
between interpolated and measured values
of suspended particulate matter, SO,, and NO, than
Kriging during an appraisal of different techniques
of interpolation for the parameters of the ambient air
quality of Port Blair.’® The IDW was a very necessary
tool to figure out the relations between health effects
and air pollution in the assessment of the daily
trend of PM, . concentration for the contiguousness
of the United States from 2009, at county and census
block group level respectively." It was also used
to measure and interpolate the concentration of
the aerosoloptical thickness (AOT) at 40 locations
in the areas of urban Ranchi and to quantify the
conditions of the atmosphere at 42 locations in
the coalfield zones of Southern Karanpura.'?
The primary use of interpolation techniques has been
to map out bed rocks, soils, air quality assessment,
and ground and surface water studies.'
Since the inverse distance weighting have such
important usefulness in interpolating and mapping air
quality parameters, and since no such work has been
published for Srinagar city nor given much attention
to the in-depth/systematic study of its air quality
and the responsible factors for its deterioration,™
this paper presents six months study IDW maps of
the spatial variation and interpolation of particulate
matter and carbon dioxide for an idea of the pollutant
blanket over the city using some tourists’ locations
as sampling/monitoring sites.

Materials and Methods

Study Area

Srinagar city located at N 34.08°, N 74.80° in
the Kashmir valley is internationally known for
its remarkable gardens and lakes. The stunning
looks of the gardens in Srinagar have attractive hill
slides, flowering shrubs and trees, and enthralling
water bodies. Notwithstanding the witness of
centuries of change, the gardens still attract tourists
from all over the world. The study area shown in
Figure 1 includes Chesmashahi Botanical
Garden (N 34.09°, E 074.87°), Nishat Garden (N
34.12°, E 074.88°), Naseem Bagh (N 34.14°, E
074.84°), Harwan Garden (N 34.16°, E 074. 90°),
Shalimar Garden (N 34.14°, E 074.87°),
Lal Chowk (N 34.07°, E 076.81°) and Sher-e-Kashmir
University of Agricultural Sciences and Technology of
Kashmir (SKUAST-K) Shalimar campus (N 34.15°,
E 074.88°). The areas that experience more traffic
are Lal Chowk, Naseem Bagh, Nishat Garden,
and Shalimar Garden. Those that experience less
traffic are Chesmashahi Botanical Garden, Harwan
Garden, and SKUAST-K Shalimar campus.
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Fig. 1: Digital map of the ambient air
monitoring sites/locations

Ambient Air Monitoring Method

The Aerocet 831-Aerosol Mass Monitor and CDM
901-CO, Monitor were used every fortnight to monitor
the ambient concentrations of particulate matter and
carbondioxide respectively in the morning, afternoon,
and evening for a triplicate sampling data for a period
of six months from November 2019 to April 2020.
Both instruments were held away from disturbances
like vehicular movements and human gatherings for
about one minute at some height to record the data
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of particulate matter (PM,, PM, ,, PM,, PM,, and
TSP) and carbon dioxide respectively. The Aerocet
831-Aerosol Mass Monitor is a small-handheld
instrument that operates on a battery for measuring
the mass of particulate matter in the ambient air.
It weighs about 0.79kg and can be used for up to
24 hours for intermittent sampling. This instrument
has a sensitivity that ranges from a high of 0.3um
to a low of 0.5um and thus monitors the levels of
PM,, PM,.., PM,, PM,, and TSP simultaneously."
The provision of simple and efficient operation is due
to the many functions of the rotary dial. It has the
capacity of differentiating seven ranges of particles
by counting and sizing them and then converting
the counted data to mass measurement (ug/m?)
by using a proprietary algorithm. It computes for
each particle detected a volume then allocates for
the transformation a standard density value which
is improved by the setting of a K-Factor to make a
better measurement accuracy of +10% to calibration
aerosol.’® A Comet software which is a program
that extracts information (alarms, data, settings,
etc.) from Met One Instruments’ products’ modifies
these K-Factors which, with a reference unit can be
analytically obtained. Or a recommended K-Factor
setting of 3.0 is used in the case of an unavailable
reference unit.This instrument uses the operating
principle of particle count to mass conversion using
scattered laser light.'® As the particles enter via the
detection chamber which contains a photodetector
and samples one particle at a time, the laser light
is scattered and detected by the photodetector.
The instrument can analyse the scattered light's
intensity and deduce the particle’s size. In addition,
the number of received lights on the photodetector
can be used by the instrument to account for the
number of particles in the detection chamber.This
approach is advantageous because it can use a
single detector/analyser to simultaneously sense
different diameter particles.

Whereas, the CDM 901- CO, monitor works with
the principle of NDIR (Non-Dispersive Infrared
Radiation),and the NDIR sensors functions on
the principle of the absorption of infrared radiation
(IR) by a particular gas.The sensor becomes
sensitive to a certain gas because of the usage of
different bands of absorption in the infrared spectra.
At the wavelength of 4.3um, carbon dioxide strongly
absorbs IR radiation, thereby avoiding the bands
2.510 2.9 and 5.2 to 7.5um at which water vapour

is absorbed." The path length of the IR that is
between the detector and the source orders the
gas level the sensor can detect and the Beer’s Law,
I'=1 exp (-af)describes the relationship. From the
above formula, the transmitted light via the gas
cell is | and the incident light on the gas cell is /,
the sample’s absorption coefficient (cm-' units)is
given as a and the optical pathlength of the cell is
given as {.2° As pathlength increases, the signal
that is received and the infrared radiation’s intensity
exponentially decreases with it. The infrared detector
produces a higher signal as path length decreases.
But, there’s a decrease in sensitivity, since a shorter
optical path reduces the gas’ absorption distance for
the radiation.?! The range of CDM 901 is from 0-2000
ppm. The resolution stands at 1% of the full scale i.e.,
20 ppm. The sampling is done by diffusion technique
without the need for a pump. The response time
for the reading is less than 15 seconds. The inbuilt
LCD shows the humidity and temperature range of
the ambient air along with the CO2 concentrations.?!

Preparation of IDW Maps of Particulate Matter
and CO, Concentrations

The inverse distance weighting (IDW) obtainable
in QGIS software version 3.16.3 was used to map
out the concentration of particulate matter (PM)
and carbon dioxide (CO,) by the interpolation of
data generated at the seven (7) monitoring sites.
To predict the concentration of pollutants for
locations in which sampling was not done, the IDW
interpolates the data obtained for the sampled
location assuming that areas closer to each other
are similar than those farther apart.?? On each
map, a pollutant was interpolated on monthly
basis for the six months of monitoring to show the
pollutant’s spatial variability in the nearby areas of
the sampling locations where sampling was not
undertaken. Unknown values/concentrations of
geographic parameters such as elevation, chemical
concentrations, and noise levels of places that are
hard, costly, or even impossible to access have been
predicted by interpolation techniques with few data
for sampled areas/points.?*' Flexibility for carrying
out interpolations that are efficient and optimal for
the spatial variation of any given number of samples
is provided by the IDW interpolation technique*2* 4
The prediction of the concentration of the pollutants
in the nearby locations was done by observing the
ten (10) partitions by which the maps were scaled.
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Statistical Analysis

On the fortnight of each month, three replications
for each sampling/monitoring site were taken and
the average triplicate data obtained for each month
and the average six months of monitoring pollutants
load at the seven locations were analysed using
the R software version 4.0.4. A one-way analysis
of variance (ANOVA) of the randomized complete
block design (RCBD)is an experimental design for
comparing treatments in blocks with homogenous
experimental units was used for the analysis
in the R software to get the critical difference
(CD) of significance at p < 0.05 to determine
the monthly and average six months variation
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(significant or insignificant) of the pollutants among
the different monitoring locations respectively. Also,
the average data of the monitored pollutants for the
six months of sampling were subjected to a Pearson
correlation matrix analysis to know their pattern in
a relationship (positive or negative and significant
or insignificant).

Results and Discussion

The data in Table 1 shows the monthly mean
variation of each monitored parameter at the study
sites that were interpolated on monthly basis using
the Inverse Distance Weighting (IDW) technique in
the QGIS software version 3.16.3.

Table 1: Monthly variation of particulate matter and carbon dioxide at the different
study sites/monitoring locations

Location Harwan Shalimar Naseem Nishat Chesma SKUAST Lal c.D SE(d)
Months Garden Garden Bagh Garden  shahi Bo -K Shali Chowk
tanical mar
Garden
a. Monthly variation of PM, (ug/m?®) at different locations in Srinagar city

Nov-19  81.10 86.97 81.37 85.63 82.00 115.30 8343 4.31 1.96

Dec-19  63.30 68.90 63.73 60.43 59.87 62.00 50.87 2.80 1.27

Jan-20 8293 80.77 89.10 75.30 79.03 59.60 83.87 3.76 1.71

Feb-20  56.23 56.17 56.80 57.20 51.80 51.90 59.03 2.01 0.91

Mar-20  54.03 57.87 48.83 48.47 45.33 55.57 50.27 2.49 1.13

Apr-20  29.87 31.03 2543 22.20 22.27 28.77 23.27 0.86 0.39

b. Monthly variation PM, . (ug/m?) at different locations in Srinagar city

Nov-19  150.80  230.37 173.23 201.80 141.33 356.07 196.27 12.78 5.80

Dec-19  105.07 140.20 136.83 108.07 98.40 114.00 88.2.00 8.37 3.80

Jan-20 15717  138.90 165.53 117.67 128.53 108.83 133.17 13.23 6.01

Feb-20  89.73 88.07 94.03 91.73 76.73 86.80 9487 6.62 3.00

Mar-20  83.57 106.17 90.20 84.07 72.40 105.17 83.73 6.14 2.79

Apr-20  43.00 43.03 37.60 39.53 40.70 50.43 33.03 341 1.55

c. Monthly variation PM, (ug/m?®) at different locations in Srinagar city

Nov-19  193.30 295.83 227.13 273.50 172.73 407.57 28253 16.32 7.41

Dec-19  137.53 192.0 207.73 136.60 112.33 132.27 124.83 9.60 4.36

Jan-20 172.83  164.33 235.50 152.20 150.53 126.30 178.07 2155 9.78

Feb-20 108.43  110.93 120.13 129.63 93.43 111.43 149.53 12.74 578

Mar-20  118.60  155.90 170.07 154.47 100.40 155.17 133.07 5.50 2.50

Apr-20 57.83 66.87 49.03 71.57 63.67 85.13 65.67 2.92 1.33

d. Monthly variation PM, (ug/m?) at different locations in Srinagar city

Nov-19  320.17  494.37 458.23 432.90 259.50 455.87 746.87 30.79 13.98
Dec-19 22873 339.53 687.50 248.43 152.50 166.53 393.70 32.12 14.58
Jan-20 211.20  237.03 396.63 259.20 211.97 158.90 281.87 26.91 12.22
Feb-20 168.40  193.77 219.00 266.30 151.27 209.83 392.67 51.14 23.21
Mar-20 206.63  426.13 602.10 414.50 252.73 297.43 44567 30.20 13.71
Apr-20 91.70 164.53 221.73 233.57 156.13 117.33 262.70 13.42 6.09
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e. Monthly variation TSP (ug/m?3) at different locations in Srinagar city
Nov-19  366.27  589.87 552.93 499.10 298.63 470.60 959.80 46.23 20.99
Dec-19  240.00 44247 966.30 318.87 165.03 176.13 470.07 25.73 11.68
Jan-20  227.03  263.53 486.10 307.97 232.40 166.37 337.33 35.44 16.09
Feb-20 188.20 226.57 260.07 317.10 172.30 250.60 501.30 68.43 31.06
Mar-20 234.97 550.10 838.33 577.63 330.40 343.47 569.23 34.38 15.60
Apr-20 108.23  242.90 366.47 318.23 190.37 147.53 317.80 52.20 23.70
f. Monthly variation CO, (ppm) at different locations in Srinagar city

Nov-19  613.27  590.40 559.60 568.00 575.53 589.73 586.13 22.84 10.37
Dec-19 642.67 664.27 611.27 625.40 625.53 588.27 608.00 16.17 7.34
Jan-20  628.00 662.53 601.27 609.73 634.80 578.87 601.87 8.39 3.81

Feb-20 585.47 577.13 554.80 549.00 550.87 591.00 568.07 6.65 3.02

Mar-20  558.73  612.60 586.13 565.87 562.60 600.00 559.53 16.66 7.56
Apr-20  504.20 556.43 579.73 537.07 469.20 565.87 561.27 8.26 3.75

Critical Difference (CD) is significant at p < 0.05; SE(d) is the standard error of the difference

The Inverse Distance Weighting (IDW) maps
(Figure 2 — 7)show the interpolation of the variation
of the concentration of the monitored pollutants
at the sampling sites to the unsampled locations
in each month to predict concentration values
of the monitored pollutants for the unsampled
locations. These maps significantly show that the
concentrations of pollutants decrease with distance
from their respective sampling sites. Thus, the
assumption is that each monitored sampling site has
an influence locally that diminishes with distance.
On each map, the thick red domains represent
the areas with the highest concentration of the
pollutants which fades out with distance showing
a decrease in the concentration of pollutants
with an increase in distance from the study site.
The thick blue domains characterize the zones with
the lowest concentration of pollutants. The legend
on each figure in a descending order i.e., from
dense blue to dense red, shows an increase in the
concentration of pollutants; and in ascending order
i.e., from thick red to thick blue, shows a decrease.
The influence of pollutants on the different nearby
locations can be predicted based on how far the
scaling area covers the coordinates on the map.
The major objective of the investigation is to come
up with simple but inclusive maps that show and
predict an estimate of the variation and blanket of
the monitored pollutants respectively over the city
to get an immediate requirement of estimation of
pollutants at different sites in Srinagar due to the
homogeneity in topography.

Table 1 (a and b) and Figs. 2 and 3 show the data
and IDW maps of the monthly spatial variation of
PM, and PM, , at the monitoring sites respectively.
The data and IDW maps show that in each month
there was a significant monthly spatial variation of
the concentrations of PM, and PM,, ; between most
of the study sites. This might be due to the very small
size of both particles which makes them vulnerable
to being dispersed by wind. There was also a
significant spatial variation (p < 0.05) of PM, and
PM, . concentrations respectively between the study
sites that recorded the highest in each month and
the other sites (e.g., a significant variation between
115.30 pg/m® at SKUAST-K and 81.10 pyg/m? at
Harwan Garden in November 2019).The winter data
obtained ranged from 88.20 pyg/m?® in December to
356.07 ug/m?®in November 2019 and is similar to the
range (70 — 348 ug/m?®) obtained from a study on the
winter burst of Kashmir valley air'® when compared to
it. This thus proves the adverse air condition related
to PM, . during the winter season which can be
attributed particularly to the emissions from domestic
coal burning and the westerly wind that blows into
Kashmir from the dry regions of Afghanistan.
The relationship between PM, and PM, , is positive
i.e., the increase in PM, concentration caused a
corresponding increase in PM, .. Aerosols of PM,
such as heavy metals, organic carbon, persistent
organic pollutants (POPs), black carbon, etc.
are the major contributors to about 70-80 % PM, .4
Nanoparticles predominantly comprise the exhaust
from vehicle engines (especially diesel exhaust



LONE et al., Curr. World Environ., Vol. 17(1) 122-136 (2022) 128

which is commonly used in Kashmir). These particles
though contain an extensively small part of PM, 's
total mass, they have a reactive surface area that
is bigger for a specified mass.2

The concentration of PM, [Table 1 (c) and Fig. 4]
was observed to be higher at Naseem Bagh and
SKUAST-K Shalimar and the areas around them
in most of the months (407.57 and 85.13ug/m?
at SKUAST-K in November 2019 and April 2020
respectively; 207.73, 235.50, 170.07 pg/m?® at
Naseem Bagh in December 2019, January and
March 2020 respectively). This can be attributed
to the fact that both places are located near
very busy roads especially Naseem Bagh. Also,
the burning of agricultural biomass in and around
SKUAST-K Shalimar might have enhanced the
concentration of PM, The monthly spatial variation
of PM, concentration was significant (p < 0.05)
between most of the monitoring sites and between
the site (s) with the highest concentration and
any of the other study sites. The trend of PM,;
[Table 1 (d) and Fig. 5] and TSP [Table 1 (e) and
Fig. 6] looks very similar as both particles have
the highest concentrations at Naseem Bagh
and Lal chowk in all of the months respectively
(746.87, 392.67 and 262.70 ug/m® of PM,  at Lal
Chowk in November 2019, January and April 2020
respectively; 687.50, 396.63 and 602.10 pug/m? of
PM,, at Naseem Bagh in December 2019, January
and March 2020 respectively. For TSP, 959.80
and 501.30 pg/m? at Lal Chowk were recorded in
November 2019 and January 2020 respectively;
966.30,486.10, 838.33, and 366.47 ug/m?® were
recorded at Naseem Bagh in December 2019,
January, March, and April 2020 respectively) and
a significant (p < 0.05) monthly spatial variation
between most of the study sites was observed.
A similar observation of significant variation of PM,
concentration among different study sites was made
on a preliminary study of the air quality in Srinagar
city.?® Naseem Bagh and Lal chowk are the busiest
places among all the study sites with high traffic
and other commercial activities. A higher mean
concentration (105.75+2.87 ug/m3) of PM,, was
recorded in Lal Chowk for October, November,
December, and January 2018 during the same study
which was attributed to the high concentration of
vehicles.®

Areas that are very close to busy roads with tall
buildings which create an enclosure that hinders the
dispersion of roadside emissions tend to be worse
in the concentration of larger diameter particles like
PM,,and TSP.?* Also, since these larger particles are
also often formed by the condensation, coagulation,
nucleation, fog evaporation, and cloud droplets,
in which dissolution and reaction of gases also
occur? their concentration will certainly be higher in
areas like Naseem Bagh and Lal Chowk. Comparing
our data to the data on PM,; concentration recorded
in the revised action plan for the management of
air quality in Srinagar city from 2014-15 to 2017-18
shows that November to January i.e., during the
winter, are the months with the highest air pollution
levels.®

The monthly spatial variation of CO, concentrations
shown in Table 1 (f) and Fig. 7 in each month
was found to be statistically significant (p < 0.05)
between most of the study sites. This might be
due to the variation of vehicular movements at the
different times of the day at and around the various
locations, the burning of biomass, plants' use of
CO, for photosynthesis, and the weather effect on
CO, concentration. CO, was higher at Shalimar
Garden in most of the months (664.27, 662.53,
and 612.60 ppm in December 2019, January and
March 2020 respectively) due to its location nearby
a roadside that experiences high traffic especially
in the morning and evening and surrounded by
human habitation that do lots of biomass burning
for heating purposes especially in the winter months
(Nov. 2019 to Jan. 2020). Vehicular pollution and
agricultural residue burning are regarded as the main
source of emission of CO, in north India including
Kashmir.?® Since the study was carried out in winter
(Nov. 2019 to Jan. 2020) and spring (Feb. to Apr.
2020) it is certain that both seasons especially
the winter had some influence on the increasing
concentration of particulate matter and CO,.
The winter months recorded the highest
concentrations of particulate matter and CO,
at most of the monitoring sites. This is because,
during winter, temperatures are low, relative
humidity is high, and therefore, the stagnation and
less dispersion of particulate matter.?® Also, vehicles
burn more fuel in winter due to cold temperatures
and therefore take much time for engines to reach
their maximum operating temperature and so
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enhances the atmospheric CO,. Among all the in all Kashmir. This was due to less/no vehicular
months, particulate matter and CO, were lower in movement during the lockdown and the less amount
April 2020 during the spring and COVID-19 lockdown  of biomass burning for heating purposes.
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Fig. 2: IDW maps of the spatial interpolation of particulate matter (PM,) on monthly basis
for the six months of monitoring in Srinagar city
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Fig. 6: IDW maps of the spatial interpolation of total suspended particulate (TSP) on monthly basis

for the six months of monitoring in Srinagar city
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The average daytime (morning, afternoon, and
evening) concentrations of the monitored pollutants
for the monitoring sites are depicted in Table 2.
From the data, it can be observed that for each
monitored pollutant at most of the monitoring sites
and the average mean daytime concentrations of
pollutants, the morning and evening concentrations
were highest. For example, the average mean
daytime concentration of PM, was highest in the
morning (67.07 pg/m?®) followed by the evening
(57.62 pg/m?®) and then the afternoon. The same
trend was followed by PM,, and PM,. But, with
the larger particles (PM,; and TSP) and CO,,
the average mean daytime concentration was
highest in the evening followed by the morning and
then the afternoon. This can be attributed to a lot of
vehicular movements in the morning as people drive
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to their different working places and in the evening
as they drive from the same. Also, traffic congestion
in Srinagar city is observed mainly in the morning
and the evening times of the day. During the winter
months (November — January), the high biomass
burning for heating purposes that are observed
around the various monitoring sites plus the lesser
atmospheric wind to disperse particles and CO,, and
the high level of humidity keeps particles particularly
the larger ones stagnated in the ambient air for long
period especially in the morning and evening. It has
been proven by many research data that pollutants
transport from a long-range, lower atmospheric
mixing, and less dispersion of pollutants, especially
during the winter are responsible for higher pollution
as pollutants are always stagnant in the lower
atmosphere. 53233

Table 3: Six-month average concentration of Particulate matter (ug/m3) and Carbon
dioxide (ppm) at each monitoring site in Srinagar city

Sampling sites/Parameters PM, PM, PM, PM,, TSP Cco,

Harwan Garden 61.24 104.89 13142 204.48 227.45 588.73
Shalimar Garden 63.61 124.44 164.32  309.22 385.90 610.56
Naseem Bagh 60.88 116.24 168.27  430.87 578.38 582.13
Nishat Garden 58.20 107.15 153.00 309.14 389.82 575.84
Chesmashahi Botanical Garden 56.72 93.02 115.52 197.35 231.53 569.76
SKUAST-K Shalimar 62.19 136.89 169.65 234.32 259.12 585.62
Lal Chowk 58.45 104.89 155.62 420.57 528.42 580.81
C.D. 1.01 3.74 5.50 16.12 23.15 6.21

SE(d) 0.46 1.70 2.50 7.32 10.51 2.82

Critical Difference (CD) significant at p < 0.05; SE(d) is the standard error of the difference.

The data (Table 3) shows the sixmonths average
variation of the pollutants monitored in this
investigation from November 2019 to April 2020
at the different sampling sites/locations. The data
shows that for all/most of the pollutants monitored,
Chesmashahi Botanical Garden and Harwan Garden
exhibited the least concentrations respectively.
This can be attributed to the fact that both tourists’
sites are located at more serene locations
experiencing less vehicular movement and traffic.
Also, there are a smaller number of residential
houses around these tourists’ sites especially
Chesmashahi Botanical Garden, and therefore
not much affected by burning during the winter
season. The six-month average concentration

of the smaller particles (PM < 4 ym) was recorded
highest at Shalimar Garden (63.61 pg/m® for PM,)
and SKUAST-K Shalimar (136.89 and 169.65 ug/m?
for PM, . and PM, respectively). Whereas, the larger
particles (PM,; and TSP) were recorded highest at
Naseem Bagh (430.87 and 578.38 pg/m?®) and Lal
Chowk (420.57 and 528.42 ug/m?®) respectively.
The highest level of CO, was recorded at Shalimar
Garden (610.56 ppm). Due to the high traffic, the
high concentration of houses, and biomass burning
around these sites might have enhanced their
pollutants concentrations.Areas that often have
high traffic have been considered as hotspots for
suspended particulate matter.®® The average six
months spatial variation of the concentration of the
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monitored pollutants was statistically significant
(p < 0.05) between most of the monitoring sites.
The correlation of particulate matter and CO, given
in Table 4 shows a positive correlation even though
non-significant between the monthly concentration
of most pollutants. Nevertheless, PM,, PM, ., and
PM, show a significant (p < 0.01) strong positive

correlation with each other. Also, PM, and PM,,

and likewise PM,; and TSP had a significant
(p =0.05) strong positive correlation with each other.
The positive correlation shows how the increase of
any of these parameters will cause a corresponding
increase of the other. Particulate matter concentration
has been found to have a mutual correlation with
outdoor/ambient environment.®'

Table 4: Pearson Correlation Matrix of particulate matter carbon dioxide
based on the monthly average for all locations.

PM, PM,, PM, PM, TSP co,
PM, 0951 0923 0644  0.513" 0.667"
PM, . 0.989*  0.769%  0.652" 0.521%s
PM, 0.847*  0.747 0.466"
PM,, 0.986* 0.316"
TSP 0.2511
co

2

* Significant at p < 0.05; ** Significant at p < 0.01.

Conclusion

From the data and IDW maps obtained, it was clear
that there was a significant monthly spatial variation
of the concentration of all the monitored pollutants
between most of the monitoring sites and their
surrounding unsampled areas. Also, the spatial
variation of the average six months concentration
of monitored pollutants was statistically significant
(p < 0.05) between most of the monitoring sites.
This might be attributed to the location of the
monitoring sites, changes in traffic flow, different
seasonal (winter and spring) activities like biomass
burning, and weather conditions like atmospheric
temperature, wind speed, precipitation, and relative
humidity. This informs us that the concentration of
particulate matter and carbon dioxide varies on
monthly basis with distance from one location to
another in Srinagar city. Also, the data proves that the
ambient air in Srinagar city experiences increasing
pollution in the morning and evening than in the
afternoon. And that all the parameters/pollutants
correlate positively with each other, that is, they
all increase with each other simultaneously even
though most are insignificantly positively correlated.
The sources of pollution with their estimated source
proportion in the city have been noted by the Jammu
and Kashmir State Pollution Control Board in a
report on managing air quality in Srinagar city as

follows: vehicular emission (65-75 %), dust from
bad roads (10-15 %), biomass and garbage burning
(10-20 %), construction and demolition emissions
(5-8 %), minor industrial activities (7-8 %) and other
sources (3 %).% Thus causing the deteriorating
condition of the city’s ambient air.lt is therefore
concluded that the poor air quality of Srinagar city
varies with distance as depicted by the data and
IDW maps with respect to the monitoring sites and
the monitored pollutants. Thus, giving an idea of
the pollutants blanket over the city. In the future,
a more expanded study with regards to this work is
recommended to be carried out covering the whole
Srinagar district.
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