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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, 5, 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 Board in a report on managing air
quality in Srinagar city identified the 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 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 png/m®); PM, 5 (129.49, 95.52,
112.50 pg/m’); PM,(170.44, 121.09, 161.81 pg/m’); PM,, (315.49, 203.09, 383.97 pg/m’); TSP (376.43, 240.49,496.55 ng/
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, 5, 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. Thus, giving an idea of the pollutants blanket over the city.

Keywords: Carbon dioxide; Correlation; Inverse distance; Particulate matter;Pollutants; Srinagar city; Weightingmaps
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Location Harwan Shalimar Naseem Nishat Chesma SKUAST Lal c.D SE(d)
Months Garden Garden Bagh Garden shahiBo -K Shali Chowk

tanical mar

Garden

a. Monthly variation of PM, (pg/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 2.01 001
Mar-20  54.03 57.87 48.83 48.47 45.33 56.57 50.27 249 1.13
Apr-20  29.87 31.03 2543 22.20 2227 28.77 2327 086 0.39

b. Monthly variation PM, ; (ug/im®) at different locations in Srinagar city

Nov-19 15080 230.37 173.23 201.80 141.33 356.07 196.27 1278 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 16553  117.67 128.53 108.83 13317 1323 6.01
Feb-20 89.73 88.07 94.03 91.73 76.73 86.80 94.87 6.62 3.00
Mar-20  83.57 106.17  90.20 84.07 72.40 105.17 8373 6.14 279
Apr-20  43.00 43.03 37.60 39.53 40.70 50.43 33.03 341 1.55
c. Monthly variation PM, (pg/m?) at different locations in Srinagar city
Nov-19  193.30 295.83 22713 273.50 17273 407.57 28253 1632 7.41
Dec-19  137.53  192.0 20773 136.60 112.33 132.27 12483 9.60 4.36
Jan-20 172.83 16433 235.50 152.20 150.53 126.30 178.07 21.55 9.78
Feb-20 108.43  110.93 12013 12963 9343 111.43 14953 1274 578
Mar-20 118.60 155.90 170.07 154.47 100.40 155.17 133.07 5.50 2.50

Apr20  57.83 66.87 49.03 71.57 63.67 85.13 6567 292 1.33
d. Monthly variation PM, (pg/m’) at different locations in Srinagar city

Nov-19 32017  494.37 458.23 432.90 259.50 455.87 74687 30.79 13.98
Dec-19  228.73 339.53 687.50 24843 152.50 166.53 39370 3212 14.58
Jan-20  211.20 237.03 396.63 250.20 211.97 158.90 28187 2691 1222
Feb-20 16840 193.77 219.00 266.30 151.27 209.83 39267 5114 2321
Mar-20 20663 42613 602.10 414.50 25273 297.43 44567 3020 13.71
Apr-20  91.70 164.53 22173 233.57 156.13 117.33 26270 1342 6.09

e. Monthly variation TSP (pg/im?) 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  240.00 442.47 966.30  318.87 165.03 176.13 470.07 2573 11.68
Jan-20 22703 263.53 486.10 307.97 23240 166.37 337.33 3544 16.09
Feb-20 188.20 226.57 260.07 317.10 172.30 250.60 501.30 6843 31.06
Mar-20 23497 550.10 83833  577.63 33040 343.47 569.23 34.38 1560
Apr-20  108.23  242.90 36647 31823 190.37 147.53 317.80 5220 23.70
f. Monthly variation CO, (ppm) at different locations in Srinagar city

Nov-19 61327 590.40 55060 56800  575.53 589.73 586.13 22.84 1037
Dec-19 64267 664.27 61127 62540  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 58547 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 55053 1666 7.56
Apr-20 504.20 556.43 579.73 537.07 469.20 565.87 561.27 8.26 3.75

A 225 (CD) fE p < 0.05 B #5; SE (d) &2
{ERYpRIERR
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PM, PM,, PM, PM TSP co,
Samp Mor- After- Eve- Mor- After- Eve- Mor- After- Ewve- Mor- After- Eve- Mor-  After- Eve- Mor- After- Eve-
-ling ning noon ning ning noon ning ning noon ning ning noon  ning ning noon ning ning noon ning
sites
Harwan 61.24 61.38 61.11 119. 9874 9649 149. 114 130 221, 163 227. 238 184. 2509, 508, 565 602
Garden 45 S TA T 41 61 a1 93 36 a0 08 Mnooor 80
Shalimar 69.37 5829 63.16 152. 8643 134. 194, 107. 191. 349, 190 387. 422, 262, 472, 610. 573, 638.
Garden 70 21 43 46 a7 62 88 17 44 a7 29 70 86 34
Nase 67.26 5410 6128 127. 8572 135, 173 99.86 231. 376. 150 765. 468, 167. 1,00 594, 541. 610
-em a0 10 66 29 46 58 56 az 15 965 04 88 47
Bagh
Mishat 68,48 5235 5378 121. 97.38 102. 176. 138 144, 380, 256 201. 457, 300. 411, 585. 550. 591.
Garden 08 a9 24 25 49 25 08 09 10 an 45 42 a7 14
Chesma 67.99 5312 4006 118. 8275 7814 143 101. 101. 222, 168 201. 254, 202. 238. 580, 533 606.
shahi 16 06 73 i ar 28 39 18 02 a9 13 04 pa
Botanical
Garden
SKUAST 7115 5711 58.32 149. 127. 133, 182, 163.11 163. 254, 209 238. 273 227. 276. 600. 565 582
-K Shal 54 48 64 75 73 a7 73 a7 as 47 65 24 13 70 03
imar
LalCh 6402 5474 5660 117. 9012 106, 173 122 170. 403, 282 576. 521. 337, 718. 591. 574, S576.
owk 60 94 55 73 57 40 04 28 17 83 77 5 44 48
Daytime 67.07 5587 5762 129. 9552 112, 170. 121 181. 315, 203 383. ave. 240. 406, 505. 557, 601.
average 49 50 44 09 &1 49 08 97 43 44 £5 33 o4 o7
mean
cone. of
pollutants
c.D. 207 198 222 734 703 703 1010 1065 12.82 36.05 1342 241 3895 2446 4134 063 822 1008
SE(m) 066 064 071 236 226 226 324 342 412 1157 431 7.74 1250 7.85 1327 3.09 264 324

Critical Difference (CD) is significant at p s 0.05; SE(m) is the standard error of the mean
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®3 HRIABHNTHE YA 6 A FHER ( ugm®)

M| H (ppm ) RE

Sampling sites/Parameters PM, PM_, PM, PM,, TSP co,

Harwan Garden 6124 104.89 13142 20448 227 .45 588.73
Shalimar Garden 63.61 12444 164.32 30922 385.90 610.56
Naseem Bagh 60.88 11624 16827 43087  578.38 58213
Nishat Garden 5820 10715 15300 309.14 380.82 575.84
Chesmashahi Betanical Garden 56.72 93.02 11652 197.35 231.53 569.76
SKUAST-K Shalimar 6219 136.89 16965 23432  250.12 585.62
Lal Chowk 5845 104.89 15662 42057 52842 580.81
coD 101 374 5.50 16.12 2315 6.21

SE(d) 0.46 1.70 250 7.32 10.51 2.82

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

BoyE (£3) B8 7 M20194 11 H #]20204£4 H
TEAN (A SRAE 1/ 1 A AR Y A M 0 1) 35 e ) iy 7S A H
YRk, B WoR, XTI ORER A3 W I S e
Chesmashahi A4 2l FIl Harwan {£ Fel (9 BE 2 Bl AK . 3
AU TR — A58, RIS & 0l s AR T3
LHRHALE , RN SIS E R D A, ok BRI
Jo R B AR B E B b, U2 Chesmashahi #8497
H AR A 22N 52 BRI R2 I . Shalimar Garden ( PM,
4 63.61 pg/m’) Fl SKUAST-K Shalimar ( PM, 1 PM, 3
54 136.89 Fl 169.65 wg/m’) ids% T H/NIK (PM <
4 wm) W6 A H VIR BE S RCR B RURL (PM,, Fl
TSP) 4351 Naseem Bagh (430.87 Fl 578.38 pg/m’) #il
Lal Chowk (420.57 1 52842 pg/m’) 03 M. i
IR0 A ARk I SR AE B R S AR B (610.56 ppm ). Hi
TR BT, X S, 6 ] L o 2 B R AR B 1 AR
YIS RT GRS I T e TR YR B . 2 A BT A

DX BN VR ORI (3RS . Y P 6 AN H s e AE
AR 22 B3 W I 2 T W ) e e s LA it X
(p<0.05), & 4 h4 M AER Y CO, BYAH S R
IEARSG, RETER 2805 B H B Z AR 4 .
SRIM, PM,, PM,s Fl PM, Z 1R EBHR (p < 0.01)
SRIEAIC. BN, PM, Al PM,, A& PM,, Al TSP 22 JH]
FEERAR (p < 0.05) HIEFHIC, IEAHKCRIHIXEESEL
P ATART— > B3 Ik o] 2005 — A SR AR R
B BRI B S = A RSSO R
*4 ETHAMSAEHENSTNY — SWik

Pearson 1B 4E[E
PM, PM, PM,  PM, TSP co,
PM, 0951 0.923" 0.644% 0.513%= 0.667%=
PM“ 0.989™ 0.769% 0852 0.521%
PM‘ 0.847 0.747= 0.466M=
PM,, 0.986™ 0.316"
TSP 0.261%s

co,

+ Signficant a p < 0.05; * Significant a p 5 0.01.

it

AR BB A IDW T LB Y, A8 R 2500
S LR FRIASRAE DX 0], BT W ¥ G £ ik A
FES A WA B AR b, BeAh, K2 HW I & e
BI7SA A W0 e vk B 1 2 () AR AL LT e b4 L
(p=<0.05), X ] HEIA P Wil a5 A0 (07 & . 2380 37tk 1Y)
Ak AFEZETTHE (ZXFMEE) Hsh (kY Fk
o) DLRCRASAE CAInRAREE . WG . REZK R XHE
JE D)o BARURTRAT, ORI AR AR R A A #T b
B WA T — A H s 3 5 — S R BE R AR U
Hb, BRI, RIS A PR R A SE R B L
Tz RO T Y. I B S TSR 2
EAEE, WEtRU, RERZHSEI5RYZ B IE
FHOCIEAN G, T NTERIE A 3G . A sk
IR et i) 22 51 23 1E — 3 T4 SRR I vl 25 <
SR PR T T AT Yl S LA TR R E ],
FHiR: R (65-75% ). K AR KL (10-15
%), PR B REE (10-20 % ). SRR 5 HE L
(5-8 %), /INRTALIGSN (7-8 % ) FIHARIE (3 % ).
O P SO T A B A ORGSR . P AR R SIS
SR I s AT i 2 A A B S R AR AR ARk, AL
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HEAH RS it X J OG- 3k T T AR B2 A

Brigt

A RRER TAE, R -FAHRKRRLEAZRF A

17



@ Universe
Scientific Publishing

ERmIEE
2022445 7H

) B RAL R RS A 300 4T B TR A e B
AT RO

"B

ARG AEH W Ae /B RE A BT

o

F gz

Y& B LA A R

Sk

[1] Institute, Health Effect. State of Global Air 2018.
Special Report.; 2018. hitps://www.stateofglobalair.org/sites/
default/files/soga—2018—-report.pdf

[2] Lee KK, Miller MR, Shah ASV. Air pollution and
stroke. J Stroke. 2018;20(1). doi:10.5853/j0s.2017.02894

[3] WHO. Ambient (outdoor) air pollution. Published
2018. Accessed April 10, 2021. https://www.who.int/news—
room/fact—sheets/detail/ambient—(outdoor)—air—quality—
andhealth

[4] Kulshrestha UC. PM1 is More Important than PM2.5
for Human Health Protection. Curr World Environ. 2018;13(1).
doi:10.12944/cwe.13.1.01

[5] Hedley C, Saggar S, Tate K. Procedure for
fast simultaneous analysis of the greenhouse gases:
Methane, carbon dioxide, and nitrous oxide in air
samples. Commun Soil Sci Plant Anal. 2006;37(11-12).
doi:10.1080/00103620600709928

[6] Anonymous. Revised Action Plan for Air Quality
Management in Srinagar city. In: Revised Action Plan Control
of Air Pollution in Non—Attainment Cities Jammu and Srinagar.
; 2018:28-44. hitp://jkspcb.nic.in/WriteReadData/userfiles/
file/Ambient Air Quality/Action Plan on Control of Air
Pollution in Non Attainment Cities.pdf

[7] Nikhil ST. Study on the effect of vehicular pollution
on the ambient concentrations of particulate matter and carbon
dioxide in Srinagar city. Published online 2020. doi:Available
in SKUAST-K Library, Shalimar

[8] Nusret D, Dug S. Applying the Inverse Distance
Weighting and Kriging methods of the spatial interpolation
on the mapping the annual precipitation in Bosnia and
Herzegovina. In: IEMSs 2012 — Managing Resources of a
Limited Planet: Proceedings of the 6th Biennial Meeting of the
International Environmental Modelling and Software Society. ;

2012.

18

[9] Fontes T, Barros N. Interpolation of air quality
monitoring data in an urban sensitive area: the Oporto/Asprela
case. Edi¢des UnivFernando Pessoa. 2010;7:6—-18. https://
bdigital.ufp.pt/handle/10284/2334

[10] Kumar Jha D, Sabesan M, Das A, Vinithkumar N V,
Kirubagaran R. Evaluation of Interpolation Technique for Air
Quality Parameters in Port Blair, India. Univers J Environ Res
Technol.2011;1(3).

[11] Li L, Losser T, Yorke C, Piliner R. Fast inverse
distance weighting—based spatiotemporal interpolation: A weh—
based application of interpolating daily fine particulate matter
PM2:5in the contiguous U.S. using parallel programming
and k—d tree. Int J Environ Res Public Health. 2014;11(9).
d0i:10.3390/ijerph 110909101

[12] Kumar A, Krishna A. Aerosol concentration over
Ranchi urban area and South Karanpura Coalfield region,
Jharkhand, India—A comparative geospatial appraisal. J Ind
Geophys Union. 2017;21(5):431-440.

[13] Schloeder CA, Zimmerman NE, Jacobs M]J.
Comparison of Methods for Interpolating Soil Properties Using
Limited Data. Soil Sci Soc Am J. 2001;65(2). doi:10.2136/
s$s8aj2001.652470x

[14] Arumugam T, Kunhikannan S, Radhakrishnan
P. Assessment of fluoride hazard in groundwater of Palghat
District, Kerala: A GIS approach. Int J Environ Pollut.
2019;66(1-3). doi:10.1504/1JEP.2019.104533

[15] Hakim ZQ, Beig G, Reka S, Romshoo SA, Rashid
I. Winter Burst of Pristine Kashmir Valley Air. Sci Rep.
2018;8(1). doi:10.1038/541598-018-20601-z

[16] Met One Instruments. Fine Dust Meter Met One
AEROCET 831. Website. doi: AEROCET 831

[17] Met One Instruments. Comet Software. Website.
Published 2019. Accessed October 24, 2019. hitps://metone.
com/products/comet/

[18] Remer LA, Kaufman YJ, Tanr & D, et al. The
MODIS aerosol algorithm, products, and validation. J Atmos
Sci. 2005;62(4). doi:10.1175/JAS3385.1

[19] Baschant D, Stahl H. Temperature resistant IR-gas
sensor for CO2 and H20. In:Proceedings of IEEE Sensors. Vol
1.;2004.

[20] Hodgkinson J, Smith R, Ho WO, Saffell JR, Tatam

RP. Non-dispersive infra—red (NDIR) measurement of



EREIEE
2022444748

@ Universe
Scientific Publishing

carbon dioxide at 4.2 pm in a compact and optically efficient
sensor. Sensors Actuators, B Chem. 2013;186. doi:10.1016/
j-snb.2013.06.006

[21] Rave Innovations. Realtime Portable CO2 Monitor—
CDM 901. Website. Published 2019. Accessed October 25,
2019. http://www.erave.in/products/index.html

[22] Lu GY, Wong DW. An adaptive inversedistance
weighting spatial interpolation technique. Comput Geosci.
2008;34(9). doi:10.1016/j.cageo.2007.07.010

[23] McCoy J, Johnston K, Kopp, Borup B, Willison J,
Payne P. ArcGIS 9. 1st ed. ESRI; 2001.

[24] Salih IM, Pettersson HBL, Sivertun A, Lund E.
Spatial correlation between radon (222—-Rn) in groundwater
and bedrock uranium (238-U): GIS and geostatistical analyses.
J Spat Hydrol. 2002;2(2).

[25] Sheikh M, Najar TA. Preliminary Study on Air Quality
of Srinagar, (J&K), India. J Environ Sei Stud. 2018;1(1).
doi:10.20849/jess.v1il1.421

[26] Lau J, Hung WT, Cheung CS. Interpretation of air
quality in relation to monitoring station’ s surroundings. Atmos
Environ. 2009;43(4). doi:10.1016/j.atmosenv.2008.11.008

[27] Li A, Chen C, Chen J, Lei P. Environmental
investigation of pollutants in coal mine operation and waste
dump area monitored in Ordos Region, China. RSC Adv.
2021;11(17). doi:10.1039/d0ra10586d

[28] Awasthi A, Agarwal R, Mittal SK, Singh N, Singh K,

Gupta PK. Study of size and mass distribution of particulate
matter due to crop residue burning with seasonal variation
in rural area of Punjab, India. J] Environ Monit.2011;13(4).
d0i:10.1039/c1em10019j

[29] Jayamurugan R, Kumaravel B, Palanivelraja S,
Chockalingam MP. Influence of Temperature, Relative
Humidity and Seasonal Variability on Ambient Air Quality
in a Coastal Urban Area. Int J Atmos Sci. 2013;2013.
doi:10.1155/2013/264046

[30] Kale US, Sawant P. Evaluation of Impact of
Particulate Matter on Traffic Personnel and at Traffic Junctions.
J Environ Heal Sci. 2016;2(6):1-9. do0i:10.15436/2378-
6841.16.1037

[31] Pan S, Du S, Wang X, et al. Analysis and
interpretation of the particulate matter (PM10 and PM2.5)
concentrations at the subway stations in Beijing, China. Sustain
Cities Soc. 2019;45. doi:10.1016/j.s¢s.2018.11.020

[32] Tiwari S, Chate DM, Srivastava MK, et al. Statistical
evaluation of PM10 and distribution of PM1, PM2.5, and PM10
in ambient air due to extreme fireworks episodes (Deepawali
festivals) in megacity Delhi. Nat Hazards.2012;61(2).
doi:10.1007/511069-011-9931-4

[33] Chakraborty T, Beig G, Dentener FJ, Wild O.
Atmospheric transport of ozone between Southern and
Eastern Asia. Sci Total Environ. 2015;523. doi:10.1016/
j-scitotenv.2015.03.066

19



