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Message

The Ministry of Health and Population has declared air pollution to cause yearly 42,100 deaths in Nepal.
The affected population data shows that about 19% of these are kids under five years old, and around 27%
are adults over 70. As per the Ministry of Health and Population, breathing polluted air in Nepal can reduce
life expectancy by 4.1 years. Numerous studies from the government and others have indicated the quality
status of air and have recommended several urgent actions to improve il.

The constitution of Nepal, the Environmenial protection act 20706, the environmental protection regulation
2077, and the state’s allegiance to mational and international commitments, and treaties guides the
Department of Environment under to work for clean and healthy environment.

As a step towards a healthy environment, the Department of the Environment with support from various
governmental, intergovernmental, and non-governmental partners has established 27 air quality monitoring
stations throughout the country till 2023, These monitoring stations measure the air and save real-time data
every minute.

To tell everyone about the air we breathe, the Department started analyzing data from these stations and
making vearly reports since FY 077/78. This is the third air quality report of Depariment of Environment,
where data of particulatc matter of eleven (11) stations from January 2022 to December 2022 were
analyzed. It is our hope that this report will serve as a valuable resource for policymakers, scientists,
environmental advocates, and concerned citizens alike. It 15 a testament to our commitment to transparency,
accountability. and the pursuil of a cleaner, healthier future.

We would like to thank Honorable Minister Dr. Birendra Prasad Mahato and Secretary Dr. Deepak Kumar
Kharal, Ministry of Foresis and Environment for their inspiration and guidance to prepare this report. We
extend our sincere gratitude towards the expert committee members- Dr. Ramesh Prasad Sapkota, Assistant
Professor, ‘I'tibhuvan University; Mr. Keshab Raj Joshi, Environment Inspector, Ministry of Forests and
Environment, Mr. Govinda Kumar Jha, Metcoralogist, Department of Hydrology and Meteorology and Mr.
Suresh Pokhrel, Aerosol Measurement Research Associate, ICIMOD for their comments and suggestions
to prepare this report. Special gratitude to Dr. Bhupesh Adhikary. Interim Action Area Coordinator,
ICIMOD; Mr. Sagar Adhikari, Air Pollution Analyst - Mitigation, ICIMOD: for their constructive
comments and suggestions to shape this report.

Similarly, we acknowledge Mr. Shankar Prasad Paudel, Section Head of Pollution Monitoring and
Regulation, and all other section heads for their constructive inputs and encouragement during report
preparation. We appreciate the data analysis team members comprising of the Environment Inspectors -Mr.
Govinda Prasad Lamichhane, Ms. Nabina Maharjan, Mr. Rajeshor Paudel, Mr. Bishnu Pandey, and Mr.
Pakash KC for their continuous and rigorous work that has led to this report. Furthermore, a special thanks
to all the staff of DoEnv, and everybody who has contributed to parts of this report for its finalization.

The Department of Environment is always keen to receive suggestions for the betterment of our reports.

M
Mr Shiva Lal Tiwari
Director General

2023/11/02

Office Address: Tel. No.: Fax No.: Email: Website:
Babarmahal, Kathmandu 01-4221797/4220837 01-4221557 info@doenv.gov.np www.pollution.gov.np
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Foreword

In an era where environmental concerns have reached critical levels, understanding and
addressing air pollution is very essential for the well-being of our communities,
ecosystems, and the generations that will follow. Air pollution, in its various forms, poses
a significant threat to public health, exacerbates climate change, and impacts the overall

quality of life for millions around the world.

Department of Environment, under the Ministry of Forests and Environment,
Government of Nepal is publishing “Status of Air Quality in Nepal, Annual Report 2022",
which is expected to have great contribution to the concerned agencies, government
sectors, public, international communities, environmental actors ete about the status of
air quality of Nepal, throughout the year. This will in future help to make policies, plan
and guidelines regarding healthy and clean air for the survival of all living beings.

Department of Environment has been publishing Air Quality Report every year since FY
077/78, based on the air quality data recorded from different stations distributed
throughout the country. In this report, we have analyzed data of particulate matter from
eleven (11) monitoring stations form January 2022 to December 2022. Though some of
those stations are not well functioning, Department of Environment is continuously
working on the maintenance of monitoring stations so that all these 26 stations work
properly and provide data regularly. Besides this, Department of Environment is going to
establish three new air quality monitoring stations in the fiscal vear 2080/81 at three
different locations across the country. These three new monitoring stations will
contribute in reports that are to be published in upcoming days.

Eventually, I would like to appreciate the contribution and effort of each and every
individual who's been directly involved in preparing and publishing this report. Similarly,
I would like to thank “Pollution Control and Regulation” section as well as other relevant
sections and staffs of DoEnv for their contribution and regular support during the

publication of this report.
Mr. Tara Datt Bhatt
Deputy Director General
2023/11/02
Office Address: Tel. No. Fax No.: Email: Website:

Babarmahal, Kathmandu 01—4221?9?!422&83? 014221557 info@doenv.gov.np www.pollution.gov.np
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EXECUTIVE SUMMARY

Air quality measurement is the foundation of air pollution management. Progressing for better air quality,
the Government of Nepal has set the National Ambient Air Quality Standard 2012 for nine air quality
parameters. Since 2016, the Department of Environment has installed 27 real-time-air quality monitoring
stations throughout the country, all of which are equipped with EDM Grimm 180+ that measures PM,,
PM, ., PM, and TSP. Some of these stations are also equipped with instruments that measures gaseous
parameters.

In this report “Status of Air Quality in Nepal: Annual Report 20227, data from 1* Jan to 31* Dec 2022 of
PM,,, PM and TSP were analyzed for 11 different stations. These 11 stations represent four out of seven
provinces of Nepal namely Koshi, Bagmati, Lumbini and Karnali Province. The CSV formatted data were
downloaded using Python and analyzed by basic R and various R packages (like Open Air and others). The
raw (per minute) data was processed to calculate time average data (hourly average, daily average, monthly
average and seasonal average). Data availability threshold of 80% was set for calculating hourly form minute
data and daily average from hourly average. The monthly average was calculated from the daily average only
where daily data availability was equal to or greater than 50%. The seasonal average was calculated from
the daily average for winter, pre-monsoon and monsoon seasons only if the monthly average of at least
two months of that season was available. For post-monsoon season seasonal average was calculated only if
monthly average of at least one month for the season is available.

The Dhankuta air quality monitoring station of Koshi province has 288 days of valid measurement where the
mean of daily average of PM,, PM and TSP were calculated to be 31.9 pg m~, 41.8 ug m> and 75.4 ug m?
respectively. Out of 10 months (except May and June) with data, March was found to be the most polluted
month and similar was the condition for pre-monsoon season. The number of days exceeding the NAAQS
was calculated to be 98, 3 and 10 for PM PM and TSP, respectively.

2.5°

This report analyzes data form six AQMS of Bagmati province namely-Bharatpur, Hetauda, Khumaltar,
Ratnapark, Shankhapark and TU Kirtipur. The Bharatpur AQMS has 96 days of valid measurement where
the mean of daily average of PM, ,, PM,  and TSP were calculated to be 63.2 ug m?, 113.4 ug m” and 212.2
ng m? respectively. The monthly average of only three Months-February, March and April and a seasonal
average of only pre-monsoon season were calculated. The number of days exceeding the NAAQS was found
to be 76, 41 and 38 for PM, _, PM, and TSP, respectively.

2.5’

The Hetauda AQMS has 313 days of valid measurement where the mean of daily average of PM, ., PM,  and
TSP were calculated to be 13.8 pg m3, 15.7 ug m> and 18.5 pg m™ respectively. December was determined
to be the most polluted month out of the ten months with data (excluding July and August) and the winter
season's conditions were comparable. Nine days were assessed to have exceeded the NAAQS for PM, _, while

no days had exceeded the NAAQS for PM, , or TSP.

2.5’

The Khumaltar AQMS has 243 and 254 days of valid measurement for PM,  and PM, j where the mean of
daily average of PM, ;and PM,  was found to be 38.1 ug m” and, 76.6 pg m respectlvely A monthly average
of only eight rnonths was calculated for this station. Out of the three seasons-pre-monsoon, monsoon and
post-monsoon, the pre-monsoon season was the most polluted. In comparison to 42 days for PM_, 112 days

were determined to have exceeded the NAAQS for PM, ..

10°

The Ratnapark AQMS has 250 days of valid measurement where the mean of daily average of PM,, PM
and TSP were calculated to be 33.3 pg m?, 48.9 pg m™ and 80.7 pg m? respectively. For this station, a
monthly average of just nine months and seasonal average of only three seasons was determined. Out of three
season’s winter, monsoon and post-monsoon, the winter season was the most polluted. The number of days

exceeding the NAAQS was found to be 101, 5 and 5 days for PM, ,, PM,  and TSP, respectively.

2.5’
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The Shankhapark AQMS has 102 days of valid measurement where the mean of daily average of PM, ,
M,, and TSP were calculated to be 43.9 pg m?, 61.6 pg m™ and 112.2 pg m? respectively. For this station,
a monthly average of just four months (September to December) and a seasonal average of only one season

(post-monsoon) was determined. The number of days exceeding the NAAQS was found to be 55, 4 and 2
days for PM, ,, PM,  and TSP, respectively.

2.5’

The TU Kirtipur AQMS has 275 days of valid measurement where the mean of daily average of PM, ,, PM |
and TSP were calculated to be 44.8 pg m~, 80.4 pg m™ and 151.0 pg m™ respectively. For this station, a
monthly average of ten months (except August and December) was determined. Out of the four seasonal
average calculated for this station, PMZ'5 has the highest value for the winter season and PM,, and TSP have

the highest value for pre-monsoon season. The number of days exceeding the NAAQS was found to be 149,
61 and 60 days for PM,, PM, and TSP, respectively.

This report analyzes data from two AQMS of Lumbini province namely -Dang and Nepalgunj. The Dang
AQMS has 98 days of valid measurement where the mean of daily average of PM, , PM,  and TSP were
calculated to be 25.1 pg m?, 30.4 pg m? and 40.1 pg m? respectively. The monthly average of only three
months: January, May and September and a seasonal average of only winter season was calculated. The
number of days exceeding the NAAQS was found to be 21 days for PM, .. None of the days exceeded
NAAQS for PM,  and TSP.

Nepalgunj AQMS has 149 days of valid measurement where the mean of daily average of PM, ,, PM,  and
TSP were calculated to be 39.4 pg m?, 52.9 pg m™ and 76.1 pg m™ respectively. The monthly average of only
five months and a seasonal average of only winter and pre-monsoon seasons was calculated. The number of
days exceeding the NAAQS was found to be 70 days for PM, .. None of the days exceeded NAAQS for PM |
and TSP,

For Karnali province, this report analyzes data from two AQMS namely- Rara and Surkhet. Rara AQMS has
284, 291 and 295 days of valid measurement for PM, ,, PM,  and TSP respectively. The mean of daily average
of PM, , PM, and, TSP was found to be 13.9 ug m?, 19.8 ug m” and 76.1 ug m~ respectively. A monthly
average of 10 months and a seasonal average of three seasons was calculated for this station. The pre-monsoon
season was the most polluted of the three seasons-winter, pre-monsoon and post-monsoon. The number of
days exceeding the NAAQS was found to be 19 and a day for PM, ; and PM,  and none of the days exceeded
NAAQS for TSP,

Surkhet AQMS has 130 days of valid measurement where the mean of daily average of PM, ,, PM,  and TSP
were calculated to be 30.9 pg m?, 35.7 pg m” and 37.3 pg m™ respectively. The monthly average of only four
months and a seasonal average of only winter and pre-monsoon seasons were calculated. The number of days
exceeding the NAAQS was found to be 24 days for PM, .. None of the days exceeded NAAQS for PM,  and
TSP

In all 11 stations analyzed in this report, sources of pollution vary from construction-related activities to
industrial activities, forest fires, transboundary movement of air and many more. For each monitored station,
the compliance level for PM, | concentration is never cent percent, pointing towards the seriousness of
the issue, as PM, . is so minute that it can enter lungs and cause various respiratory-related diseases. The
concentration of PM ;and PM, seems to be high during the early morning and evening, as scenarios are
different for TSP, whlch is hlgher during afternoon. Sources of pollution differs as per geographical location
and development activities that are happening, but the issue of air pollution is common everywhere and
control of pollution is today's urgent need.
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FEHRT QI

A R AITHA a1 IO FaLATITH Hed AR &l | A9 AR A AR Fr=dl g HIIR0E,
0% AT fafq=T AT 77a1 URITHER (Parameter) &%l ATRT HTIGUS A THT T | I R09% 3fg ATaTaRoT faamer
AATaE THIHT TLAT3 fa a1 MU AI9F Hrgess MAAT T4 9% BT STAqFH I&qT AT brgeteehl
FEIT 9 TRl T | I<h AT U AIGT B HT gl ITHU Grimm EDM 180+ o BTATHT T&ohT ellhl HUE®m
PM,, PM, , PM_ ¥ TSP HIUH €% | Stk WITH rgeeded el WAHe®HT e AAH13s (CO), st (O,)
STET W1 qRITHAEE® AT 9 JTFIEE GHd Ihl B |

“Status of Air Quality in Nepal: Annual Report 2022” Sfaag=aT fafq= TaR (99) FaT WIHE®ATd AFa0
q 3 3 fedw=R, R0R W U< PM,, PM, T TSP &I Teieh fqeeioor MRuar g | A1 99 7a1 LHed
TITART ATAHE AR FSOT: HIeM, ATHA, ARSI T HONAl FTeATs I Tagd | TETs faeerooresr AT
qTgIT WRTH (Python Program) &1 FIRT T FERATE Ui fAAdesl qTears Sraadre TRUeH! f¥ar 99 R 9 mH
7 FgH fafq= @mebse® (S&I Open air) gRT qeaTs faeeraur ivwsr f@y | ufq fame qeargare uia gvaredr
Frad MO TR R Ao i S0eresl dradere 2 Ed ¥ 2 h SHaeare HiiEd Al 0T TR
frar | oy faSTe e 2 e STAAET MO MR fE | yie "uer drad qar @i e e
TUTHTHT AT TEATF ITAATHRT JAETeE 50% TT TRUeRT fIaT | e Fiq ST ST TUHTRT AT BIETAT
50% Yiq fAvaeT ToTs ITAed EUEs; | AT A AT TUHTHT AT HIETHT 50% i TUeT Fraa TS
IUAE gAUES | WIfGE A TUATH AT dAF AT TS SUASAART IILTeg K 0% T RTHT faT |
fesw, fr-wege ¥ woge faeter AT S 33 Afedrer Aifas Fad JTee TUR GUEHT I (et
fasTeer ATl TUMTEHT 3fe FEqaTe TRTHT R 99 9 G99 (Aol AT ST (ATl HidET Tgar
wfgATer Al drad Iqered qUHT fqoTer gd TomT TRaewr fodm |

1T GR9TRT IR AT VR AATHA b5 Wl 5 (&l A T3 Iqeed AU PM, , PM T TSP
T I AAHRT TAF (mean) FAMT 305 pg m3, ¥9.9 pg m3 T 9L & ug m3 A9 TRUHT faar | Arfas
TeATF IUAS TTHT 10 AledATE® (A T TF ATeeh) HeH AT FerdwaT T &bl qredr qref fasmeedr ff-aaee
Ferst el wafoa et 9gar | PM, , PM, ¥ TSP &l 3fe S, a2 IO q¥a=1 AMgd AT9eve (NAAQS)
el Fal WUH[ [ae®dl &l HHM: 5, 3 T 90 TEhl T |

T GITAETHT AHAT TR T (%) FST AT U AU brges-ARdqR, gdiel, GHAR, oI, @uTsh
¥ fafa #ifdRer aaats faeewor TRus g | AR g TR /9T B5HT &% fadd] A Tors SIae
WU PM, , PM, T TSP &I e Sraael e (mean) FHT: $3.3 pgm?, 9923 pg m? T 434 pg m?
HIYA TIRTHT FaT | Teferdl, /1= ¥ Afqet T AT S AT |1 Wieh Arae T0ET T Afpuar faar a9
fr-Aeea st A3 fastaer f9d STa= g1 PM,, PM,_ T TSP I afAe i@, A o awaw= i
AT9ETE (NAAQS) Wl Tl JUH (el F@IT FHAM W ¥q T 35 qrsal |

BEIST AT TUTER AAT &g AT 393 famabl A T2 3T HUHMAT PM, , PM_ T TSP &I 3% afraraa
HAF (mean) FHM ¥4 ug m3, 9%.% pg m?3 ¥ 92 % pg m HIYF TRUHT {947 | HITGE T3 I AUHT
Q0 WEATESHT (A5 ¥ RS ATeeherl HigdT) fedwar gavwar yaftd el urgdl 9= fegs fae= qoamrcas
FTHT A TEIOA TEHN AT | PM, | FT 21 AT NAAQS T TET TUHT faewmabl J @ Al (%) WHH B
%t fGTAT PM ¥ TSP @I 316 Sfra ar oy avawdl Afted ATIEve (NAAQS) WRT el T8l TT3uA |
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GAACR AT TOTER AIHA gl %3 faqal A ey Suaad HUHHA PM, ¥ PM, 3 e sfeda wen
(mean) FHL: 354 pg m? T 99,3 ug m W9 TRUHT foT | 79 Tl o1 918 Afgredr 9 wifge drad
T RTHT ot | fase ded Sueer wuer deaer fae: fY-Aaees, A ¥ dRe-Aeee wel y-wee
FeTRT a1 TEMTT TEH! AT | PM, ) F @10 ¥R fadapt qaamar, PM, , #1 @1RT 993 famar e e ang
UER gHedl AT ATIe0e (NAAQS) AT aql Tgehl 9redl |

R AT UER ATAA gl 40 fae! /=T TeATy Iueledl WUHMAT PM, , PM, X TSP T &feh Sfreraieel
AT (mean) FH: 33.3pugm3, ¥5.% ugm> ¥ 50.9 pg m AT TRUHT faT | T TeTeRT TRt < WigwTer!
AT A drad T Sder faeer A faser draq ot afvger fodr | e e Iuerss o ey,
HAEA T e WA fqoraed 9T e qeveRT aer waid @@ arsAr | PM,, PM ¥ TSP &1 e S,
AT AT FEIAT AT ATIE0E (NAAQS) 9T 6T HUHT ademadl J&T HHM 909, ¥ T ¥ 9134l |

G AT, TR AT Hg AT 0% faAdT A Ty STaed St PM, , PM ¥ TSP &1 3 sfrardat
HAF (mean) FHM ¥32 pugm?3, 89.5 pg m3 T Q9.3 pg m?3 AOH TRUH A7 | T TSI AT AT
=R AleT (Aewratg fedwR) &1 Aiiges dad ¥ had T (et (Y Jag- (&) #7 faerer draa o
TR 2T | PM, , PM, | ¥ TSP &7 e of1d, 12 T[0T qFaedl M AT9ave (NAAQS) Wl ael HUa!
fere®er! G A LY, ¥ T R fad w@Hh g |

Fr.fa. sfdaz amg R A S R0y fade AT qeTy ITess AUE PM,, PM, ¥ TSP @ 3
FGqhT AT (mean) HET: ¥¥.5 pg m=3, 50.¥ ug m? T 949.0 pg m™ AO TRTHT 37 | TF 9T
AT T HiEATH! AIlED AHT (I T (TR Aghehl A7 HEATEE) TUAT TS T | =Rael MasTiaead
fasta sfraaes wel, 9T fasr PM, | 1 AT 3= 28 3 | &d PM_ ¥ TSP [ AT fy-waee fastar
=N WEH B | PM,, PM ¥ TSP &1 <% &, a7 U a4l e ATTE0E (NAAQS) W=l adl
TUH! [qde®dl & FHM ¥R, &9 ¥ %0 a7 WEhl J |

T JITIETHT AREAT TSR T3 () AT AR AT Hged- 18 T AaTeNToieh] q&d (el TRTeH
B | AS AT TR ATTAA FgHT 45 [GTd] A T2 JTA=d AUHHAT PM, , PM ¥ TSP & a7 et
HeAE® (mean) FHI W.q ug m3, 30.¥ pyg m3 ¥ ¥0.9 ug m?3 HOH TRUHT (947 | Fad dF Afgdr- THa,
# 7 FewErd! wtaF A9 3 Had f69e faeel fasme daa wor aRuwr far ) pM, @ e ofea
NAAQS S=T 6T HUH! fadeed! J@Il 39 WH G 9 & 9f fa@r PM, T TSP &1 2% of&a NAAQS
T TGT ekl IT3U |

AT A1 IR AT g Al %% faT@l A1 ey Suee SuEMr PM, , PM, T TSP @1 e
F AP HAF (mean) FHT 32.% ug m3, L. ug m? ¥ 959 ug m Aa= TR fodr | o= afgArer
wifae drea qar 693 3 f-Aagy faemer 7 faemer s o it B ) pM,  # SE dea
TUTER TR AT AIE9E (NAAQS) HT 61 STUHT faTeeed! HEIT 90 Tea! @ A & 9 faTd PM,
% TSP %I 3% A1 NAAQS W= &T¢T ea IT3U |

FUTAT TITHT TRT T EA AT O ATITHA brgdle I TS [T TRTH G | IRT AT [0 ATITHA
AT PM, , PM_ T TSP I FHIT: 35, 339 ¥ }Y fawahl A1y qers Juered 9U&H PM, , PM T TSP
&I ATk FTFqHT TeAF (mean) FHAT 92.2 ug m=,9%.5 g m? T 5.9 pg m3 Tl GI5aT | TH LT AT
q0 wigATHr wita® Arad T AT fasTIw ST AEa T TRURT ot | A e STeed ATl S
fastee: fse, - 2 dre waaq fasmeewe f-waea fas davmT adr yafoa Jreuat faer | PM
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¥ PM,, ® 3& o, NAAQS 9T ael U faewadl @l HA: 9% ¥ 4 e 8 97 & °id fa7a1 TSP
T 26 Fad NAAQS H=aT T Tgeh! 13T |

T AT TOTER ATTHA gl 430 (& AT T2ATF ITeA AUFHT PM, , PM, ¥ TSP %l 3 Srareiebt
TAF (mean) FHM 30.% pg m?3, 309 pug m3 T 393 ug m?3 EH AT | TH AR AT AR HTgATeRT
AT witEE AET q9T 69T ¥ -wEA s A s A Toer AReaE @b | PM, @ e e
NAAQS ST a¢T AUH! fadewdl q@m ¥ fad & @ &+ uf+ fad PM_ T TSP #1 3fq& ad NAAQS w=T
TSI TEHT TTZUA |

T GIqaETH] FHEL AUHT 99 T LAAEEA] YU H&d FIAeeAl (dr hl I3 | TgIH 7ed
ArqeedT AT T Miatafaess, dmTE Aidtates, a9 S, EORa deT Y3 T 9 daee
T TEG | AT ALTITHT THTAL SUFT LATEEAT AT F T 5 S STEwT 99 fadesdr PM,
A AT R AT AT AR T T @H G | PM, AT AT G FUEE TS S ArAel g
THIFITH] JAT T FFgA T CArayeard gearedl fafae IRMes (Hrarsd 99 | T8 IgUuehl qaal TFRardrs
IR T 1 PM, ¥ PM | &1 JEIT fIRTT ¥ AIHHT FRAAT 3= 2fa@eg A TSP &1 IR 7 Fieh IRGIqee®
dfawg | grasrEr feSHeEr gHaEr TSP @1 69 =4 sf@wg | ANitde sateafq v famrrer afatafusr wwor
faf¥Te=T TITAT YUV FREF F¥H-TF¥h &7 TFgH A% aT% TUVH] THT TATAd & T TIITHT AT TSI
HATALTHAT &l |
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Air pollution is the single largest environmental health risk in the world. According to World Health
Organization (WHO), seven million people die prematurely every year globally and thirty-eight thousand
people die prematurely every year in Nepal due to exposure to air pollution. According to WHO estimates,
90% of the global population is breathing polluted air and the situation is even more severe in developing
countries like Nepal.

The constitution of Nepal has ensured rights to live in clean and healthy environment as the fundamental right
of every citizen. To implement this basic right, Nepal Government has enacted Environment Protection Act
(EPA) in 2019 and Environment Protection Regulation (EPR) in 2020, focusing on prevention and control
of pollution and maintaining balance between environment and development. National Environment Policy
2019 and 15th Periodic development plan also emphasize the reduction pollution from different sectors. To
ensure good air quality, Nepal Government has endorsed National Ambient Air Quality Standards (NAAQS),
2012 incorporating nine air quality parameters. Department of Environment under Ministry of Forests and
Environment is a leading government agency to monitor the status of air quality based on NAAQS 2012 in

Nepal.

Air quality monitoring means the systematic measurement of ambient air pollutants in order to be able
to assess the exposure of vulnerable receptors (e.g., people, animals, plants and art works) on the basis of
standards and guidelines derived from observed effects and/or to establish the source of the air pollution
(causal analysis).

Ambient air pollutant concentration is influenced by the spatial or time variance of emissions of pollutants
and the dynamics of their dispersion in the air. As a consequence, marked daily and annual variations of
concentration occur. [t is practically impossible to determine in a unified way all these different variations of air
quality (in statistical language, the population of air quality states). Thus, ambient air pollutant concentration
measurements always have the character of random spatial or time samples.

Air quality monitoring is a basic foundation of air quality management. Based on the report prepared by
Department of Environment (DoEnv) and International Centre for Integrated Mountain Development
(ICIMOD) in 2015 titled “’A Plan for Nepal's Air Pollution Monitoring Network”, Department of
Environmentunder Ministry of Forests and Environmentwith various governmentas well as intergovernmental
partners, established 27 Real Time Air Quality Monitoring Stations (AQMS) throughout seven provinces of
the country. These stations provide an idea about the status of air quality of a place/region.

30
25

20 =
I8

Number of AQMS

2016 2007 2018 2019 2020
Year
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These 27 AQMS are distributed throughout the country (figure 1), with the highest number located in
Bagmati province. The installation of AQMS is done to represent air quality in both urban and pristine
PM,, and TSP. AQMS at Ratnapark, Dhulikhel and
Lumbini measure CO, SO, NOx and O, and AQMS at Sauraha and Pulchowk measure O, in addition to

environment. All 27 stations measure PM,, PM

2.5°

particulate matter.

egend

Air Quality Monitoring Stations
# Data analyzed stations
*  Other stations

[ ] Provinces of Nepal

| Districts 7 5% 10 20

Figure 2: Distribution of AQMS in Nepal

® Koshi
B Madhesh
W ® Bagmati
' ® Gandaki
B Lumbini
B Karnali

B Sudurpachim

Figure 3: Provincial distribution of Air Quality Monitoring Stations
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In this report- “Status of Air Quality in Nepal; Annual Report 20227, air quality data from only eleven (11)
AQMS (table 1) are analyzed. Data from the remaining AQMS are excluded due to data unavailability.
Furthermore, even though the instrument provides data for PM , an analysis for this parameter is not been
conducted, primarily because the Government of Nepal has yet to formulate a standard for it.

Table 1: List of analyzed AQMS

SN Name of Air Quality Monitoring Station Province Name
1 Dhankuta Koshi
2 Bharatpur Bagmati
3 | Hetauda Bagmati
4 Khumaltar Bagmati
5 | Ratnapark Bagmati
6 Shankapark Bagmati
7 | Tribhuvan University, Kritipur Bagmati
8 Rara Karnali
9 Surkhet Karnali
10 |Dang Lumbini
11 | Nepalgunj Lumbini

1.2 OBJECTIVES

The overall objective of this report is to present the air quality status based on the data collected from the 11
Air Quality Monitoring Stations for the year 2022.

The specific objectives are:

e To analyze PM, ,, PM  and the Total Suspended Particulate (TSP) data that are generated from the
stations listed on table 1,

e To analyze the compliance status of PM
on table 1.

- PM and TSP data that are generated from the stations listed

1.3 AIR QUALITY PARAMETERS MONITORED

The following parameters were monitored in the stations.

e PM,.: Includes particulate matter with an aerodynamic diameter less than or equal to 2.5 um diameter
and is important in terms of health impacts.

e PM,: Includes particulate matter with an aerodynamic diameter less than or equal to 10 um.

e TSP: Includes all solid and liquid droplet particulate present in the air, acrodynamic diameter of which
ranges from 0.25 pm to 100 pm.

1.4 METHODS OF AIR QUALITY MONITORING AND DATA ANALYSIS

The Environmental Dust Monitor (Grimm EDM 180+) is used for air quality monitoring that measures
ambient dust. It uses laser light-scattering technology for particle count. Particles contained in the sample

Status of Air Quality in Nepal Annual Report, 2022 (3)



Introduction

air are classified by size and number in the measuring chamber using scattered light measurement. During
the process, a small measuring volume is exposed to a laser with downstream optics. For environmental
measurements, the concentration of solid is so low that statistically there is only one particle in the sensing
volume. The scattered light emitted by each particle is captured by a second set of optics with an opening
angle and a scatter angle, deflected to a detector by a mirror and the light intensity is measured. The particle
size is proportional to the intensity of the reflected beam of light. The count rate is derived from the number
of particles and the volume flow rate. When the particle diameter and density are known; the particle mass
can be derived from the particle count based on the assumption of a spherical shape.

A semiconductor laser serves as the light source in the EDM 180 spectrometer. In order to minimize the
influence of the refraction indexes, the 90° scattered light is guided to a receiver diode by a mirror with an
opening angle of approximately 120°. After amplification, the electrical signal of the diode is classified in 31
size channels according to the signal strength. This makes it possible to determine the grain size distribution
of the particles. The sample flow rate of this instrument is 1.2 L/min.

1.4.1 DATA ACQUISITION

This EDM instrument has the highest measurement resolution of six second but we are taking measurements
every minute and get logged one-minute averaged data into the data logger installed at each AQMS. The data
stored in the data logger is in CSV format. This data logger system then transmits those data to the central
server located at the National Information Technology Centre (NITC), Singha Durbar, Kathmandu from
where the point (per minute) data were downloaded. For this report data from 1% January to 31* December,
2022 were downloaded.

1.4.2 DATA CLEANING

In order to prepare the data for analysis, per minute data obtained from the central server was first cleaned.
For this purpose, different threshold values were given according to the parameters as:

e For PMZAS,
e For PM,, all data above 3000 pg m™ was removed

all data above 1500 pg m™ was removed

e  For TSP, all data above 5000 pg m™ was removed

Additionally, all repeated data, along with negative and null data were cleaned.

1.4.3 DATA AVERAGING

Daily data is calculated by averaging the minute data, which is done only when availability of minute data is
equal to or more than 80%. Similarly, monthly average is calculated from daily average only for those months
where daily data availability is equal to or more than 50%. The seasonal average was calculated from the
daily average only if the monthly average of at least two months of that season was available for winter, pre-
monsoon and monsoon seasons which was at least one month for the post-monsoon season.

Following months are considered for different seasons for seasonal data analysis:
e  Winter season: - December of preceding year, January and February

e Pre-monsoon season: - March, April and May

e Monsoon season: - June, July, August and September

e  Post-monsoon season: - October and November
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1.4.4 DATA ANALYSIS METHOD AND PLOTS/GRAPHS USED IN THE REPORT

The histogram, monthly box-plot and hourly box-plot are made from the hourly data. The daily average was
the average of point data of a day. The monthly average was calculated from the daily average. The seasonal
average was the average of daily averaged data of all days for that season. For the winter season, daily average
data from December of the preceding year (in this case, 2021) along with January and February of this year
(2022) are used for winter season. Similarly, for the pre- monsoon, data from March to May, for monsoon,
data from June to September and for post-monsoon data from October and November were used.

Python programming was used to automate the download of large datasets from the central server while R
programming was used for data analysis.

In calendar plot daily PM, . data were visualized according to their Air quality index (AQI) group in calendar
format. The AQI was calculated from daily averaged data. The break point used by the government of Nepal
was used for the calculation. The AQI group and their respective colour code is as follows.

Each category corresponds to a different level of health concern. The six levels of health concern and what
they mean are:

e  "Good" AQI is 0 to 50. Air quality is considered satisfactory and air pollution poses little or no risk.

e "Moderate" AQI is 51 to 100. Air quality is acceptable; however, for some pollutants there may be a
moderate health concern for a very small number of people.

e "Unhealthy for Sensitive Groups" AQI is 101 to 150. Although general public is not likely to be affected
at this AQI ranges, people with lung disease, older adults and children are at a greater risk from exposure

to ozone, whereas persons with heart and lung disease, older adults and children are at greater risk from
the presence of particles in the air.

e "Unhealthy" AQI is 151 to 200. Everyone may begin to experience some adverse health effects and
members of the sensitive groups may experience more serious effects.

e "Very Unhealthy" AQI is 201 to 300. This would trigger a health alert signifying that everyone may

experience more serious health effects.

e "Hazardous" AQI greater than 300. This would trigger a health warnings of emergency conditions. The
entire population is more likely to be affected.

Air Quality Index (AQI) Values Levels of Health Concern Colors
51 to 100 Moderate Yellow

151 to 200 ‘ Unhealthy Red
201 to 300 ‘ Very Unhealthy Purple

301 to 400 ‘ Hazardous Maroon
401 to 500 ‘ Very Hazardous Maroon
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1.4.5 NATIONAL AMBIENT AIR QUALITY STANDARDS, 2012 (NAAQS)

The Government of Nepal has endorsed National Ambient Air Quality Standards in 2012. The NAAQS gives
maximum concentration for major nine parameters including particulate matters and trace gases, heavy metal
and others as shown in the table below.

Table 2: National Ambient Air Quality Standards, 2012

SN Parameters

NN W N =

PM,;
PMo
TSP

Ozone
Sulfur Dioxide

Nitrogen Dioxide

Carbon monoxide
Lead

Benzene

Units
pg m?
pg m?
pg m
pg m?
pg m?

pg m?
pg m

pg m?
pg m?

Averaging time Maximum concentration

24-hr
24-hr
24-hr
8-hr
Annual
24-hr
Annual
24-hr
8-hr
Annual

Annual

40

120
230
157

50

70

40

80
10,000

0.5
5
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2.1 KOSHI PROVINCE

2.1.1 DHANKUTA AIR QUALITY MONITORING STATION

Dhankuta air quality monitoring station was established in 2019 at Dhankuta Municipality in Dhankuta
district, Koshi Province. The station situated adjacent to the Dhankuta municipality office on the road -side
represents the urban area.

Emission from the vehicles, forest fires in nearby regions and pollutants transported from surrounding regions
are the major sources of air pollution in this area.

2.1.1.1 DATA ANALYSIS FOR PM, ,

Hourly average:

The hourly average ranges from 1.5 pg m? to 223.2 pg m>. The lowest and the highest concentration of
PM, , was observed on 5 October at 15:00 and 5* December at 17:00. The statistical summary of the hourly
average is presented in the table below:

Table 3: Summary of hourly average of PMZ.5 for Dhankuta Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum

1.5 ug m” 14.3 pg m? 262 pgm? [31.9+21.6 uygm?| 47.1 ygm? 223.2 ug m?

Histogram:

The dataset is clustered towards the lower end of values (5-20) and as values increase, the frequency of
observations decreases rapidly.
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Figure 4: Histogram of PM, for Dhankuta Station
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Dhankuta Air Quality Monitoring Station

Diurnal variation:

The hourly mean of PM, , remains consistent throughout the day. It gains peak at 7:00 and 18:00. The mean
value was found to be more than median throughout the day.
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Figure 5: Diurnal variation of PM, for Dhankuta Station
Monthly variation:

A high variation of PM, | concentration was seen during December, whereas less during July and August.
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Figure 6: Monthly variation of PM, _ for Dhankuta Station

Daily average:

Figure 7 explains the daily trend of PM, | throughout the year.
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Dhankuta Air Quality Monitoring Station
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Figure 7: Daily average of PM, _ for Dhankuta Station

Table 4: Summary of daily average of PM, , for Dhankuta Station

Minimum 1 quartile Median Mean + SD 3" quartile Maximum
3.6 pg m? 15.5 ug m” 27.4pgm? | 31.8+19.3 ygm? | 47.9 pg m? 93.4 pg m?

Within the available data, the lowest and highest concentration of PM, , was observed to be 3.6 pg m” and
93.4 ug m?on 14" August and 29" December respectively. During the majority of days, PM, , concentration
was found below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The average concentration of PM, .
ranges from 13.4 pg m?in Augustto 55.6 pg m?in March.
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Figure 8: Monthly average of PMZ_5 for Dhankuta Station
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Dhankuta Air Quality Monitoring Station

Seasonal average:

This bar chart illustrates the seasonal distribution of PM, , s concentration. The seasonal average of PM, for
pre-monsoon was found to be the highest (52.3 pg m?) and that of monsoon season to be the lowest (14 9

pg m).

Compliance status:

PM; 5 (ug m™)

W|r:der Pra-Mn':msmn Mnn:sonn PQSE-MIOG‘IEQGI‘I
Seasons

Figure 9: Seasonal average of PM, _ for Dhankuta Station

Out of the total 288 days of valid measurement, 98 days exceeded the NAAQS. Most of the non-compliance
days were included in February and March as shown in figure 10.
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Figure 10: Compliance status of PM, _ for Dhankuta Station
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Dhankuta Air Quality Monitoring Station

Calendar plot

As per the calendar plot for PM, ; (figure 11), out of the total 288 valid days, the majority of days showed an
AQI of good to moderate. Few days in January to April and November and December reached an unhealthy
state.
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Figure 11: Calendar plot of PM,  for Dhankuta Station

2.1.1.2 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 1.5 ug m~ to 238.8 ug m~. The lowest and highest concentration of PM |
were observed on 14™ August at 23:00 and 5% December at 17:00. The statistical summary of the hourly
average is presented in the table below:

Table 5: Summary of hourly average of PM , for Dhankuta station

Minimum 1 quartile Median Mean + SD 3 quartile Maximum
1.5 ug m” 17.5pugm?® | 329 pgm?® | 41.8+30.1 pgm? | 61.1 pygm? 238.8 ug m?

Histogram:

The point data are aggregated in the mean region.
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Figure 12: Histogram of PM , for Dhankuta Station

Diurnal variation:

The hourly mean of PM,  remains consistent throughout the day. It gains peak at 8:00 and 13:00. The mean
value was found more than median throughout the day.
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Figure 13: Diurnal variation of PM,  for Dhankuta Station

Monthly variation:

A high variation of PM, concentration was seen during June, whereas less during July, August and September.
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Figure 14: Monthly variation of PM,  for Dhankuta Station
Daily average:

Figure 15 explains the daily trend of PM,  throughout the year.
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Figure 15: Daily average of PM | for Dhankuta Station
Table 6: Summary of daily average of PM  for Dhankuta Station
Minimum 1* quartile Median Mean + SD 3 quartile Maximum
5.6 pg m? 18.5 pg m? 343 ugm?® |[41.7+27.6pgm?| 61.9 pg m? 133.2 pg m?

Within the available data, the lowest and the highest concentration of PM, was found to be 5.6 pg m? to
133.2pg m” on 14™ August and 27™ March respectively. The majority of available PM,  concentration were

found to be below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The average concentration of PM |
ranges from 15.7 pg m?in Augustto 88.2 pg m™ in March.
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Figure 16: Monthly average of PM, | for Dhankuta Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . The seasonal average of PM |
for pre-monsoon was found to be the highest (78.8 pg m™) and that of monsoon season to be the lowest

(18.1 ug m?).
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Figure 17: Seasonal average of PM , for Dhankuta Station
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Dhankuta Air Quality Monitoring Station

Compliance status:

Out of the total 288 days of measurement, only three days exceeded the NAAQS as shown in figure 18.
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Figure 18: Compliance status of PM , for Dhankuta Station

2.1.1.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.6 ug m? to 1446.8 pg m?. The lowest and the highest concentration of TSP
were observed on 14™ August at 23:00 and 31* May at 13:00. The statistical summary of the hourly average
is presented in the table below:

Table 7: Summary of hourly average TSP for Dhankuta Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum

1.6 ug m” 21.1 yg m? 44.7 pg m? 754+ 94.6 ugm?| 89.2 uygm? 1446.8 pg m?

Histogram:

The dataset is clustered on the lower end of values (0-50) and as values increase, the frequency of observations
decreases rapidly.

Status of Air Quality in Nepal Annual Report, 2022 (15)



Dhankuta Air Quality Monitoring Station

§ _ — Mean
> 8
g8 -
] ||
g
w = _3

S - Mean = 75.4 ug m

o - ) —

0 100 200 300 400 500 600

TSP (ug m™)
Figure 19: Histogram of TSP for Dhankuta Station

Diurnal variation:

The hourly mean of TSP progressively increased with time and reached to its peaks at 13:00-14:00 which then

decreases with time.

8 T T " ean
g - _ |
’FE&- T _'_
=2
%S
=
84 | T T T 7 EBE HEBE
N @@@@@.@@.5. JeEss
0 1 2 3 4 5 6 7 8 é1-::11 12131415161?18192h2|12|22.3
Hour
Figure 20: Diurnal variation of TSP for Dhankuta Station
Monthly variation:

A high variation of TSP concentration was seen during March, whereas less occurs during July to September.
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Figure 21: Monthly variation of TSP for Dhankuta Station

The daily average data was available only from 1 January to 31 December. Figure 22 explains the daily
trend of TSP throughout the year.

] | — Daily average
-—- NAAQS
o
o -
® ‘ ‘
A |
E8 |
= | [
: o
% / \|||" I | k] ll
?—’ ] ;.-'4 i n'd 'I "“J | | A M (1'
[ L | AR L
% - F Iljl II ,l 'ﬁ |n';, ."'-'r ‘llllk '\-ILII
e e e L
¥ "\K ¥ W "’._ | W
G —
I | I I I
Jan 2022 Apr 2022 Jul 2022 Oct 2022 Jan 2023
Time period (days)
Figure 22: Daily average of TSP for Dhankuta Station
Table 8: Summary of daily average TSP for Dhankuta Station
Minimum 1 quartile Median Mean + SD 3" quartile Maximum
6.2 pg m? 24.3 pg m? 623 pgm? |756+654pugm?| 98.1 ygm? 352.5 ug m?

Within the available data, the lowest and highest concentration of TSP was found to be 6.2 pg m~ to 352.5
pg m>on 1% August and 15™ April respectively (table 11). The total available TSP concentration was found
to be below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The average concentration of TSP ranges
from 20.4 pg m?in Augustto 190.4 pg m~in March.
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Figure 23: Monthly average of TSP for Dhankuta Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP. The seasonal average of TSP
for pre-monsoon was found to be the highest (167.4 pg m™) and that of monsoon season to be the lowest

(27.4 pg m?).
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Figure 24: Seasonal average of TSP for Dhankuta Station

Compliance status:

Out of the total 288 days of measurement, only 10 day exceeded the NAAQS.
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Figure 25: Compliance status of TSP for Dhankuta Station
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2.2 BAGMATI PROVINCE

2.2.1 BHARATPUR AIR QUALITY MONITORING STATION

Bharatpur air quality monitoring station was established in 2020 at Bharatpur metropolitan city in Chitwan
district, Bagmati Province. This station is located in the compound of District administration office of
Chitwan, by the side of the road. Many government offices are located near the station. This station represents
the urban area.

Emission from the vehicles and industries are the main sources of pollution in the area around the station.
Another likely source of air pollution in this region is the extensive burning of agricultural residue during the
pre-monsoon season.

2.2.1.1 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 1.6 pg m” to 267.5 pg m~. The lowest and the highest concentration of PM,
was observed on 17% September at 17:00 and 22" March at 17:00. The statistical summary of the hourly
average is presented in the table 13 below:

Table 9: Summary of hourly average of PM, _ for Bharatpur Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
1.6 ug m” 39.6 ug m” 58.1 ugm? | 63.2+ 33.6 ugm” | 80.6 ygm™ | 267.5 pg m”
Histogram:

The dataset is clustered on the lower end of values (20-80) and as values increase, the frequency of observations
decreases rapidly.
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Figure 26: Histogram of PM, for Bharatpur Station
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Bharatpur Air Quality Monitoring Station

Diurnal variation:

The hourly mean of PM,  progressively increases with time and reaches to its peak at 7:00 which again
decreases till 15:00 and again starts to increase around 17:00 and gains height around 19:00.
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Figure 27: Diurnal variation of PM,  for Bharatpur Station

Monthly variation:

A high variation of PM, , concentration was seen during February whereas less during September.
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Figure 28: Monthly variation of PM, _ for Bharatpur Station

Daily average:

The daily average data was available only for 96 days.
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Figure 29: Daily average of PM, _ for Bharatpur Station
Table 10: Summary of daily average of PM, . for Bharatpur Station
Minimum 1** quartile Median Mean + SD 3" quartile Maximum
2.5 uyg m? 47.0 pg m? 653 pgm? [63.3+233pugm?| 76.6 pgm | 131.9 pgm?

Within the available data, the lowest and highest concentration of PM,  was found to be 2.5 pg m” to 131.9
ug m>on 18 September and 2* February respectively (table 14). In majority of days, PM, , concentration
was found to be above NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The average concentration of PM,
ranges from 45.6 pg m? in April to 71.8 pg m™in March.

80-

71 71.8

(=]
=]

PM, 5 (ug m™)

[ ]
=]

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov  Dec
Months
Figure 30: Monthly average of PM, , for Bharatpur Station
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Bharatpur Air Quality Monitoring Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, ;- Because of limited data, the
averages of only one season- pre-monsoon (57.4 pg m™), is presented in the figure 31.
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Figure 31: Seasonal average of PM,  for Bharatpur Station

Compliance status:

Out of the total 96 days of valid measurement, 76 days exceeded the NAAQS. Those noncompliance days
were distributing in all four months as shown in figure 32.
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Figure 32: Compliance status of PM, , for Bharatpur Station
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Calendar plot

As per the calendar plot for PM,  (figure 33), out of the total 96 valid measurement days, the majority of days
showed unhealthy AQI. Only one days (September 17) is in good condition.
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Figure 33: Calendar plot of PM, _ for Bharatpur Station

2.2.1.2 DATA ANALYSIS FORPM, |

Hourly average:

The hourly average ranges from 1.9 pg m~ to 860.9 pug m™. The lowest and highest concentration of PM,
were observed on 17" September at 17:00 and 22" February at 17:00. The statistical summary of the hourly
average is presented in the table below:

Table 11: Summary of hourly average of PM,  for Bharatpur Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum

1.9 ug m? 68.6 uygm> | 101.8 pgm? | 113.4+ 67.9 pgm? | 144.5pgm™ | 860.9 pg m?

Histogram:

The dataset is clustered on the lower end of values (0-170) and as values increase, the frequency of observations
decreases rapidly.
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Figure 34: Histogram of PM,  for Bharatpur Station

Diurnal variation:

The hourly mean of PM progressively increases with time and reached its peaks at 19:00.
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Figure 35: Diurnal variation of PM , for Bharatpur Station
Monthly variation:

A high variation of PM,  concentration was seen during March, whereas less during September.
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Figure 36: Monthly variation of PM,  for Bharatpur Station
Daily average:
The daily average data was available only for 96 days.
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Figure 37: Daily average of PM, | for Bharatpur Station
Table 12: Summary of daily average of PM  for Bharatpur Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
3.4 pg m? 86.4 ug m? 113.2 pgm> | 113.3 +38.7 ygm? | 136.0 pgm> | 222.2 ug m?

Within the available data, the lowest and the highest concentration of PM, was found to be 3.4 pg m?
to 222.2 pg m~ on 18" September and127" March respectively (table 17). The majority of available PM
concentration were found to be below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The average concentration of PM,
ranges from 92.6 pg m? in April to 148.5 pg m~in March.
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Figure 38: Monthly average of PM, | for Bharatpur Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . Because of limited data, the
averages of only one season- pre-monsoon (118.2 pg m™), is presented in the figure 39.

125-

118.2

100-

25-

Winter Pre-Monsoon Mansoon Post-Monsoon
Seasons

Figure 39: Seasonal average of PM , for Bharatpur Station

Compliance status:

Out of the total 96 days of valid measurement, 41 days exceeded the NAAQS. Those noncompliance days
were distributing in all four months (January to April) as shown in figure 40.
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Figure 40: Compliance status of PM , for Bharatpur Station
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2.2.1.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.9 pg m? to 1307.7 pug m™. The lowest and the highest concentration of
TSP was observed on 17* September at 17:00 and 4™ March at 16:00. The statistical summary of the hourly
average is presented in the table below:

Table 13: Summary of hourly average of TSP for Bharatpur Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum
1.9 ug m? 94.1 pgm? |[175.1 pgm? [ 212.2+157.8 uygm?| 289.1 pgm™ | 1307.7 pg m?
Histogram:

The dataset is clustered on the lower end of values (0-300) and as values increase, the frequency of observations

decreases rapidly.
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Figure 41: Histogram of TSP for Bharatpur Station
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Diurnal variation:

The hourly mean of TSP progressively increases with time and reached to its peaks at 12:00 which again

decreases slightly and gains height around 18:00.
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Figure 42: Diurnal variation of TSP for Bharatpur Station
Monthly variation:

A high variation of TSP concentration was seen during March, whereas less during September.
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Figure 43: Monthly variation of TSP for Bharatpur Station
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2.2.1.4 TIME AVERAGED DATA ANALYSIS FOR TSP

Daily average:

The daily average data was available only for 96 days.
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Figure 44: Daily average of TSP for Bharatpur Station
Table 14: Summary of daily average of TSP for Bharatpur Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
4.0 pg m? 1654 pgm?® |[211.7 pgm? | 212.5+73.5 pgm? [ 259.4 ugm? | 413.7 pygm?

Within the available data, the lowest and highest concentration of TSP was found to be 4.0 ug m? to 413.7
pg m?on 17% September and 25" March respectively (table 20). The majority of available TSP concentration

was found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The average concentration of PM, | ranges
from 184.9 pg m? in April to 275.8 pg m™ in March.
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Figure 45: Monthly average of TSP for Bharatpur Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP, Because of limited data, the
averages of only one season- pre-monsoon (228.7 pug m?), was presented in the figure 46.
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Figure 46: Seasonal average of TSP for Bharatpur Station

Compliance status:

Out of the total 96 days of valid measurement, 38 days exceeded the NAAQS. Those noncompliance days
were distributed from January to May months as shown in figure 47.
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Figure 47: Compliance status of TSP for Bharatpur Station
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2.2.2 HETAUDA AIR QUALITY MONITORING STATION

Hetauda air quality monitoring station was established in 2020 at Hetauda sub metropolitan city in
Makawanpur district, Bagmati Province. This station is located adjacent to the office of ward number 4, on
the football ground at Hupra chaur by the side of the road. This station represents the urban area.

Emission from the vehicles and industries are the main sources of pollution in the area around the station.
Dust from the football ground might also contribute to the particulate measured by this station.

2.2.2.1 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 1.1 ug m™ to 178.6 ug m™. The lowest and highest concentration of PM,
was observed on 22" July at 16:00 and 30™ April at 4:00. The statistical summary of the hourly average is
presented in the table below:

Table 15: Summary of hourly average of PM, , for Hetauda Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
1.1 pg m? 5.5 pg m” 11.5pgm? [13.8+11.9 pgm? | 18.7 pg m? 178.6 ug m”
Histogram

The dataset is clustered on the lower end of values (0-20) and as values increase, the frequency of observations
decreases rapidly.
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Figure 48: Histogram of PM, for Hetauda Station

Diurnal variation:

The hourly mean of PM, . reached to its peak at 7:00-8:00 which progressively decreases and gains height
around 18:00-23:00 which remain almost consistent throughout the time. The mean value was more than
the median throughout the day.
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Figure 49: Diurnal variation of PMZ_5 for Hetauda Station

Monthly variation:

A high variation of PM, | concentration was seen during December, whereas less during September.
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Figure 50: Monthly variation of PM,  for Hetauda Station

Daily average:

The daily average data was available for 313 days. Figure 51 explains the daily trend of PM, . throughout the
year.
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Figure 51: Daily average of PMZ_5 for Hetauda Station

Table 16: Summary of daily average of PMZ.5 for Hetauda Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum

2.1 ug m? 7.2 pgm? 132 pugm? | 145+ 9.5pgm?| 18.7 uyg m? 66.9 pg m?

Wlthln the available data, the lowest and highest concentration of PM, ;was found to be 2.1 pg m~ to 66.9
pg m?on 15 September and 29™ December respectively (table 23). In majorlty of days, daily average PM,
concentration was found within NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The average concentration of PM, .
ranges from 4.7 pug m~to 26.2 pg m~ in September and December respectively.
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Figure 52: Monthly average of PM, , for Hetauda Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . The highest concentration of
PM, , was found during winter season (19.5 pg m™) followed by pre-monsoon (14.6 pg m?). Concentration
of PMzhswas found the least during monsoon season (7.1 pug m?) as presented in the figure 53.

20- 10.5

e
o

PM; 5 (ug m™)
a3

'.I"u"h"ller Frs—l'u'ln':maon Mon'snnn Pnsl-M'msnnn
Seasons

Figure 53: Seasonal average of PM, _ for Hetauda Station

Compliance status:

Out of the total 313 days of valid measurement, only 9 days exceeded the NAAQS. Those noncompliance
days were included in February, April and December as shown in figure 54.
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Figure 54: Compliance status of PM, , for Hetauda Station
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Calendar plot

As per the calendar plot for PM, ; (figure 55), out of the total 313 valid measured days, the majority of days
showed an AQI of good to moderate. Single day in December 29 reached an unhealthy state. Few days in
February, April and December were also found to be unhealthy for the sensitive group.
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Figure 55: Calendar plot of PM, _ for Hetauda Station

2.2.2.2 DATA ANALYSIS FOR PM,,

Hourly average:

The hourly average ranges from 1.1 pug m™ to 289.9 ug m~. The lowest and highest concentration of PM |
were observed on 15" July at 4:00 and 29™ April at 14:00. The statistical summary of the hourly average is
presented in the table below

Table 17: Summary of hourly average of PM , for Hetauda Station

Minimum 1+ quartile Median Mean + SD 3 quartile Maximum
1.1 ug m? 6.1 pgm? 13.0 ygm® | 157+ 14.1 pgm?| 20.9 ygm~ | 289.9 ug m?
Histogram:

The dataset is clustered on the lower end of values (0-30) and as values increase, the frequency of observations
decreases rapidly.
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Figure 56: Histogram of PM , for Hetauda Station

Diurnal variation:

The hourly mean of PM,  reached its peaks at 8:00 which again decreases and gains height at 17:00.
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Figure 57: Diurnal variation of PM | for Hetauda Station

Monthly variation:

A high variation of PM,  concentration was seen during December, whereas less during September.
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Figure 58: Monthly variation of PM  for Hetauda Station
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2.2.2.3 TIME AVERAGED DATA ANALYSIS FOR PM,

Daily average:

The daily average data was available only for 315 days. Figure 59 explains the daily trend of PM,  throughout
the year.
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Figure 59: Daily average of PM | for Hetauda Station

Table 18: Summary of daily average of PM | for Hetauda Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
2.2 ugm? 7.6 ug m? 148 uygm? |[164+11.2pgm?| 20.9 pg m? 79.5 ug m?

Within the available data, the lowest and the highest daily average concentration of PM, was found to be 2.2
ug m? to 79.5 pg m?on 15" September and 29" December respectively (table 26). The total available PM, |
concentration was found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The average concentration of PM
ranges from 4.9 ug m?in September to 31.3 pg m™ in December.
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Figure 60: Monthly average of PM,  for Hetauda Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PMIO.The highest concentration

of PM, was found during winter season (35 pg m™) followed by pre-monsoon (16.8 pg m?), post-monsoon
(16.7 pg m”) and monsoon (7.3 pg m~) as presented in the figure 61.
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Figure 61: Seasonal average of PM for Hetauda Station

Compliance status:

Out of the total 315 days of measurement, none of the day exceeded the NAAQS as shown in figure 62.
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Figure 62: Compliance status of PM , for Hetauda Station
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2.2.2.4 DATA ANALYSIS FOR TSP

Hourly average:

The hourly aver.

were observed on 15® July at 4:00 and 29% April at 14:00. The statistical summary of the hourly average is

age ranges from 1.1 pg m? to 584.7 pug m?. The lowest and the highest concentration of TSP

presented in the table below:

Table 19: Summary of hourly average of TSP for Hetauda Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum
1.1 pg m? 6.8 pg m” 147 pgm? [ 18.5+20.5pgm? | 23.7 pgm? [ 584.7 uyg m?
Histogram:

The dataset is clustered on the lower end of values (0-25) and as values increase, the frequency of observations

decreases rapidly.
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Figure 63: Histogram of TSP for Hetauda Station

Diurnal variation:

The hourly me

an of TSP reached toits peaks at 8:00 which again decreases and gains height at 17:00.
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Figure 64: Diurnal variation of TSP for Hetauda Station
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Monthly variation:

A high variation of TSP concentration was seen during December, whereas less during September.
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Figure 65: Monthly variation of TSP for Hetauda Station

Daily average:

The daily average data was available for 315 days. Figure 66 explains the daily trend of TSP throughout the

year.
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Figure 66: Daily average of TSP for Hetauda Station
Table 20: Summary of daily average of TSP for Hetauda Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
2.2 pg m? 8.9 ug m? 173 pgm? [ 195+ 143 ugm? | 24.7 pgm? 100.2 ug m?

Within the available data, the lowest and highest daily average concentration of TSP was found to be 2.2 pg
m? to 100.2 pg m? on 15* September and 29 December respectively (table 29). The total available TSP
concentration was found to be below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The average concentration of TSP ranges
from 5.6 pg m?in September to 39.3 ug m? in December.
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Figure 67: Monthly average of TSP for Hetauda Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP. The highest concentration of
TSP is found during winter season (44.1 pg m) followed by pre-monsoon (20.7 pg m?). Concentration of
TSP was found the least during monsoon season (7.8 ug m?) as presented in the figure 68.
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Figure 68: Seasonal average of TSP for Hetauda Station

Compliance status:

Out of the total 315 days of measurement, none of the day exceeded the NAAQS as shown in figure 69.
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Figure 69: Compliance status of TSP for Hetauda Station

2.2.3 KHUMALTAR AIR QUALITY MONITORING STATION

Khumaltar air quality monitoring station is established in 2022 at Lalitpur Municipality in Lalitpur district,
Bagmati Province. It is located at rooftop of ICIMOD building and represents the urban area.

Emission from the vehicles is the main source of pollution in this area. Occasional construction activities
around the area also contribute to the particulate matter measured by this station.

2.2.3.1 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 1.4 ug m to 185.4 ug m™. The lowest and highest concentration of PM,
was observed on 2™ August at 14:00 and 28™ March at 7:00. The statistical summary of the hourly average
is presented in the table below:

Table 21: Summary of hourly average of PM, , for Khumaltar Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
1.4 pg m? 15.3 pg m” 32.0 uygm?> [38.1 +27.5ugm?| 53.7 uyg m? 185.4 pg m?

Histogram:

The dataset is clustered on the lower end of values (10-55) and as values increase, the frequency of observations
decreases rapidly.
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Figure 70: Histogram of PM, . for Khumaltar Station

The hourly mean of PM, . progressively increases with time and reached to its peak at 7:00 which again
decreases and gains height after 19:00-20:00. The mean value was slightly more than median throughout the
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Figure 71: Diurnal variation of PM, for Khumaltar Station

A high variation of PM, , concentration was seen during December, whereas less during July and August.
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Figure 72: Monthly variation of PM, _ for Khumaltar Station
Daily average:

The daily average data was available for 243 days. Figure 73 explains the daily trend of PM, . throughout the

year.
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Figure 73: Daily average of PM, _ for Khumaltar Station

Table 22: Summary of daily average of PM, , for Khumaltar Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum

5.6 uyg m” 16.1 pg m? 373 ugm?® |385+242 pgm?| 55.1pugm? | 113.7 pg m?

Wlthm the available data, the lowest and highest concentration of PM, , was found to be 5.6 pg m” to 113.7
ug m on 24" July and 30™ December respectively (table 32). the PM, concentratlon was found to be below

NAAQS almost in half of the measured days.
Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The monthly average concentration
of PM, _ for April and December was similar (65.1 pg m?, 66.5ug m~) and was more than other months as

shown 1n figure 74.
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Figure 74: Monthly average of PM, , for Khumaltar Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Because of limited data, the
averages of only three seasons- pre-monsoons, monsoon and post monsoon, were presented in the figure 75.
Of these seasons, the concentration of the pre-monsoon season (53.7 pg m”) was more than monsoon (19.2
pg m~) and post-monsoon (34.8 pg m™).
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Figure 75: Seasonal average of PM, _ for Khumaltar Station

Compliance status:

Out of the total 243 days of valid measurement, 112 days exceeded the NAAQS. Those noncompliance days
were included in all measured months except in July, August and September as shown in figure 76.
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Figure 76: Compliance status of PM, . for Khumaltar Station
Calendar plot

As per the calendar plot for PM, ; (figure 77), out of the total 243 valid days, the majority of days showed an
AQI of good to moderate. Days in March, April, November and December reached an unhealthy state. Few
days in May, June and October were also found to be unhealthy for the sensitive group.
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Figure 77: Calendar plot of PM, | for Khumaltar Station
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2.2.3.2 DATA ANALYSIS FOR PM

Hourly average:

The hourly average ranges from 1.9 pug m™ to 697.3 pug m>. The lowest and highest concentration of PM |
were observed on 2™ August at 14:00 and 27* March at 7:00. The statistical summary of the hourly average
is presented in the table below

Table 23: Summary of hourly average of PM  for Khumaltar Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.9 uyg m? 28.3 pg m? 61.8 uygm?® |[76.6+654pgm?| 103.3 uygm? | 697.3 pg m?
Histogram:

The dataset is clustered on the lower end of values (0-100) and as values increase, the frequency of observations

decreases rapidly.
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Figure 78: Histogram of PM for Khumaltar Station

Diurnal variation:

The hourly mean of PM,  progressively increases with time and reached its peaks at 9:00 which again decreases

and remain almost in same level till 23:00.
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Figure 79: Diurnal variation of PM , for Khumaltar Station
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Monthly variation:

A high variation of PM  concentration was seen during March, whereas less during July to September.
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Figure 80: Monthly variation of PM,  for Khumaltar Station
Daily average:

The daily average data was available for 254 days. Figure 81 explains the daily trend of PM  throughout the
year.
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Figure 81: Daily average of PM . for Khumaltar Station

Table 24: Summary of daily average of PM | for Khumaltar Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum

7.9 ug m? 31.4pgm? | 72.6 ugm?|[77.3+£555pugm?| 101.4 pgm? 288.8 ug m*

Within the available data, the lowest and the highest concentration of PM  was found to be 7.9 ug m to

288.8 pg m>on 29* June and 27™ March respectively (table 35). In most of the measured days, daily average
PM, concentration was found below NAAQS.
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Monthly average:

The average monthly concentration of PM, was shown in the bar chart. The monthly average concentration
of PM, was the lowest during July (23.2 ug m~) and highest during April (158 pg m™).
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Figure 82: Monthly average of PM, for Khumaltar Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, , Because of limited data, the
averages of only three seasons- pre-monsoons, monsoon and post monsoon, were presented in the figure 83.

Of these seasons, the concentration of the pre-monsoon season (122.2 pg m?) is more than monsoon (35.3
pg m~) and post-monsoon (70.1 pg m™).
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Figure 83: Seasonal average of PM , for Khumaltar Station
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Compliance status:

Out of the total 254 days of valid measurement, only 42 days exceeded the NAAQS. Those noncompliance
days were included in March, April, November and December as shown in figure 84.
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Figure 84: Compliance status of PM,  for Khumaltar Station

2.2.4 RATNAPARK AIR QUALITY MONITORING STATION

Ratnapark Air Quality Monitoring Station was established in the year 2016 at Shankhadhar park near Rani
Pokhari. This station is situated at the center of the Kathmandu and represents the urban area.

Emissions from the vehicles is the main source of pollution in the area. In the winter season solid waste
burning during winter season is also a major source of air pollution. Regional haze is also the common
problem of this location. In Pre-monsoon season pollution from forest fire in different parts of the country
become one of the major sources of pollution.

2.2.4.1 DATA ANALYSIS FOR PM, ,
Hourly average:

The hourly average ranges from 1.2 pg m” to 167.7 pg m™. The lowest and the highest concentration of PM,
was observed on 26 April at 6:00 and 13* January at 4:00. The statistical summary of the hourly average is
presented in the table below:

Table 25: Summary of hourly average of PM, for Ratnapark Station

Minimum 1** quartile Median Mean + SD 3" quartile Maximum
1.2 pg m? 15.7 ug m” 26.4pgm? [33.0+222 ugm?>| 46.1 pgm” | 167.7 pg m?
Histogram:

The dataset is clustered on the lower end of values (10-60) and as values increase, the frequency of observations
decreases rapidly.
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Figure 85: Histogram of PM, _ for Ratnapark Station

Diurnal variation:

The hourly mean of PM, | progressively decreases till 4:00 then increases with time and reached to its peak at
8:00. Thereafter it decreases till 14:00 and again starts to rise from 16:00 and peaks at 20:00.
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Figure 86: Diurnal variation of PM, , for Ratnapark Station
Monthly variation:

A high variation of PM,  concentration was seen during April.
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Figure 87: Monthly variation of PM, _ for Ratnapark Station
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Daily average:

The daily average data was available for 250 days. Figure 88 explains the daily trend of PM, ; throughout the
year.
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Figure 88: Daily average of PM, _ for Ratnapark Station
Table 26: Summary of daily average of PM, , for Ratnapark Station
Minimum 1 quartile Median Mean + SD 3 quartile Maximum

7.2 pg m” 17.1 pg m? 27.0 pgm? [33.3+19.0pugm>| 47.5pugm? 98.2 pg m?

Within the available data, the lowest and highest concentration of PM,  was found to be 7.2 ug m?to 98.2
ug m? on 13" January and 26" April respectively (table 38).

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . It can be seen that the monthly average
of PM, ; was the lowest in August (15.7 pg m>) and highest in December (58.2 ug m~) while monthly
average was not available for February, March and April.
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Figure 89: Monthly average of PM, , for Ratnapark Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Winter and Post-Monsoon
have almost similar seasonal average (38.9 pug m™and 38.1 pg m”) while Monsoon have lower seasonal
average (22.9 pg m?). Seasonal average for Pre-Monsoon season was not available.
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Figure 90: Seasonal average of PM,  for Ratnapark Station

Compliance status:

Out of the total 250 days of valid measurement, 101 days exceeded the NAAQS.
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Figure 91: Compliance status of PM, , for Ratnapark Station
Calendar plot

As per the calendar plot for PM, | (figure 92), the worst category of AQI seen was Unhealthy. Unhealthy
category of AQI was seen in April, May, June, November and December. March was not included in the plot
due to unavailability of daily average data.
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Figure 92: Calendar plot of PM,  for Ratnapark Station
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2.2.4.2 DATA ANALYSIS FOR PM, |

Hourly average:

The hourly average ranges from 1.2 pug m~ to 349.2 ug m>. The lowest and highest concentration of PM
was observed on 13™ January at 4:00 and 26 April at 8:00. The statistical summary of the hourly average is
presented in the table below:

Table 27: Summary of hourly average of PM,  for Ratnapark Station

Minimum 1" quartile Median Mean + SD 3 quartile Maximum
1.2 pg m? 26.0 pgm? | 42.0 pgm” | 48.5+33.1 uygm?| 64.2 ugm? 349.2 pg m?

Histogram:

The dataset is clustered on the lower end of values (10-70) and as values increase, the frequency of observations
decreases rapidly.
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Figure 93: Histogram of PM, , for Ratnapark Station
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Diurnal variation:

The hourly mean of PM,  progressively decreases till 4:00 then increases with time and reaches toits peak at
9:00. Thereafter it decreases till 15:00 and again starts to rise from 18:00 and peaks at 20:00.
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Figure 94: Diurnal variation of PM | for Ratnapark Station
Monthly variation:
A high variation of PM,  concentration was seen during April and low during February.
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Figure 95: Monthly variation of PM,  for Ratnapark Station

Daily average:

The daily average data was available for 250 days. Figure 96 explains the daily trend of PM, throughout the
year.
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Figure 96: Daily average of PM  for Ratnapark Station
Table 28: Summary of daily average of PM  for Ratnapark Station
Minimum 1+ quartile Median Mean + SD 3" quartile Maximum

9.3 ug m” 27.8 pg m? 44.1 ygm> | 48.9+28.6 uygm?| 62.1 pgm? 211.3 pg m?

Within the available data, the lowest and the highest concentration of PM, was found to be 9.3 pg m?to
211.3 pgm? on 5" October and 26 April respectively. In majority of days PM,  concentration was found to

be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The monthly average of PM, | was the
lowest in August (26.6 pg m?) and highest in June (71.1 pg m™) whlle monthly average was not available for

February to April.
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Figure 97: Monthly average of PM, | for Ratnapark Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . This bar chart illustrates the
seasonal distribution of the concentration of PM, .. Winter and post-monsoon have similar seasonal average
(57.7 pg m?and 47.8 pg m?) while monsoon have lower seasonal average (37.5 ug m?). Seasonal average for
pre-monsoon season was not available.
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Figure 98: Seasonal average of PM | for Ratnapark Station

Compliance status:

Out of the total 250 days of measurement, only 5 days in April exceeded the NAAQS.
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Figure 99: Compliance status of PM , for Ratnapark Station

2.2.4.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.3 ug m? to 697.3 pg m~. The lowest and the highest concentration of
TSP was observed on 13 January at 4:00 and 20™ February at 14:00. The statistical summary of the hourly
average is presented in the table below:
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Table 29: Summary of hourly average of TSP for Ratnapark Station

Minimum 1 quartile Median Mean + SD 3 quartile Maximum
1.3 pg m? 36.4 pg m? 64.4 pgm? | 80.6 £+ 67.7 pgm? [ 103.1 ugm? 697.3 ug m?
Histogram:

The dataset is clustered on the lower end of values (0-100) and as values increase, the frequency of observations

decreases rapidly.
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Figure 100: Histogram of TSP for Ratnapark Station
Diurnal variation:
The hourly mean of TSP is high in day time. It peaks at 13:00.
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Figure 101: Diurnal variation of TSP for Ratnapark Station
Monthly variation:

A high variation of TSP concentration was seen during April, November and December have the lowest

variation.
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Figure 102: Monthly variation of TSP for Ratnapark Station
Daily average:

The daily average data was available for 250 days. Figure 103 explains the daily trend of TSP throughout the
year.
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Figure 103: Daily average of TSP for Ratnapark Station
Table 30: Summary of daily average of TSP for Ratnapark Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum

10.3 pg m? 52.6 ygm?® | 729 ugm? [80.7+49.8 ygm?| 90.7 ug m? 384.0 pg m?

Within the available data, the lowest and highest concentration of TSP was found to be 10.3 ug m~ to 384.0
ug m~ on 6™ October and 25™ April respectively (table 44).

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The monthly average of TSP was found
to be the the lowest in October (51.2 pg m?) and highest in May (118.0 pg m~). The monthly average for
February, March and April was not available.
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Figure 104: Monthly average of TSP for Ratnapark Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP
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Figure 105: Seasonal average of TSP for Ratnapark Station

This bar chart illustrates the seasonal distribution of the concentration of TSP. Winter season has the highest
seasonal average of TSP (104.3 pg m”) while Monsoon and Post-Monsoon have similar seasonal average
(68.2 pg m?and 66.2 pg m?) Seasonal average for Pre-Monsoon season is not available.

Compliance status:

Out of the total 250 days of measurement, only 5 days in April exceeded the NAAQS.
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Figure 106: Compliance status of TSP for Ratnapark Station

2.2.5 SHANKHAPARK AIR QUALITY MONITORING STATION

Shankhapark Air Quality Monitoring Station was established in the year 2017 at Shankhapark near Ring
road in Kathmandu. It represents the urban area.

Emissions from the vehicles and re-suspended dust from road along with solid waste burning in winter season
are the main source of pollution in the area. In Pre-monsoon season pollution from forest fire in different
parts of the country become one of the major source of pollution.

2.2.5.1 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 2.8 pg m” to 151.8 ug m™. The lowest and highest concentration of PM, , is
observed on 5% October at 5:00 and 30 December at 8:00. The statistical summary of the hourly average is
presented in the table below:

Table 31: Summary of hourly average of PM, , for Shankhapark Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
2.8 ug m? 24.1 pg m? 38.1 uygm” | 44.6+26.5 pgm>| 59.8 uygm? 151.8 pg m?

Histogram:

The dataset is clustered on the lower end of values (10-80) and as values increase, the frequency of observations
decreases rapidly.
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Figure 107: Histogram of PM, for Shankhapark Station

The hourly mean of PM, . progressively increases with time and reached to its peak at 8:00 which again
decreases and become lowest at 15:00 and again gains height around 20:00-21:00. The mean value was
almost similar to the median throughout the day.
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Figure 108: Diurnal variation of PM,  for Shankhapark Station
Monthly variation:

A high variation of PM, | concentration was seen during December, whereas less during September.
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Figure 109: Monthly variation of PM, , for Shankhapark Station
Daily average:

The daily average data was available only for 102 days.
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Figure 110: Daily average of PM, _ for Shankhapark Station
Table 32: Summary of daily average of PM, , for Shankhapark Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum

9.2 ug m? 24.3 pg m? 427 pgm> | 43.9+219pugm?| 59.0 uygm? [ 104.9 pg m?

Within the avallable data, the lowest and highest concentration of PM,, was found to be 9.2 pg m” to
104.9 pg m? on 5* October and 30 December respectively (table 47). After 20® October most of the days
exceeded NAAQS.

Monthly average:

The bar chart illustrated the monthly average concentration of PM, .. The monthly average of PM, . was
found to be the lowest in September (23.8 pg m?) and highest in December (73.5 pg m™).
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Figure 111: Monthly average of PM, , for Shankhapark Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, ;- Because of limited data, the
seasonal averages of only post-monsoon was available (41.4 pg m™).
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Figure 112: Seasonal average of PM, _ for Shankhapark Station

Compliance status:

Out of the total 102 days of valid measurement, 55 days exceeded the NAAQS. Those noncompliance days
were included in October to December as shown in figure 113.
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Figure 113: Compliance status of PM, for Shankhapark Station

Calendar plot

As per the calendar plot for PM, | (figure 114), out of the total 102 valid days, the daily AQI group shown
were good to Unhealthy. Unhealthy category of AQI were seen in November and December.
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Figure 114: Calendar plot of PM, _ for Shankhapark Station

2.2.5.2 DATA ANALYSIS FOR PM |

Hourly average:

The hourly average ranges from 3.2 pug m~ to 203.0 pg m™. The lowest and the highest concentration of PM |
was observed on 5" October at 5:00 and 30" December at 9:00. The statistical summary of the hourly average
is presented in the table below:

Table 33: Summary of hourly average of PM  for Shankhapark Station

Minimum 1+ quartile Median Mean + SD 3 quartile Maximum
3.2 pg m? 34.1 pg m? 58.0 pgm? | 62.9+35.7 ugm? | 84.9 ug m? 203.0 ug m”

Histogram:

The dataset is clustered on the lower end of values (20-110) and as values increase, the frequency of observations

decreases rapidly.
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Figure 115: Histogram of PM , for Shankhapark Station

Diurnal variation:

The hourly mean of PM progressively increases with time from 4:00 and peak at 9:00. Thereafter it decreases
till 17: 00 after that it again increases and peak at 21:00. After that it again decreases with time.
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Figure 116: Diurnal variation of PM,  for Shankhapark Station
Monthly variation:

A high variation of PM  concentration was seen during December, whereas less during September.
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Figure 117: Monthly variation of PM,  for Shankhapark Station
Daily average:

Figure 118 explains the daily trend of PM,  throughout the year.
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Figure 118: Daily average of PM  for Shankhapark Station
Table 34: Summary of daily average of PM  for Shankhapark Station
Minimum 1* quartile Median Mean + SD 3" quartile Maximum
11.1 pg m? 33.6 pg m? 65.1 pgm® |[61.6+303 pgm? | 81.7 uygm? 132.0 pg m”

Within the available data, the lowest and the highest concentration of PM, was found to be 11.1 pg m?

to 132.0 ug m? on 5" October and 30" December respectively (table 50). Almost total available PM
concentration was found to be within NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The monthly average of PM, jwas lowest
in September (32.3 pg m?) and highest in December (101.1 pg m?).
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Figure 119: Monthly average of PM | for Shankhapark Station

Seasonal average:
This bar chart illustrates the seasonal distribution of the concentration of PM, . Because of limited data, the

seasonal averages of only post-monsoon is available (59.5 pg m?).
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Figure 120: Seasonal average of PM,  for Shankhapark Station

Compliance status:
Out of the total 102 days of valid measurement, only 4 days in December exceeded the NAAQS.
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Figure 121: Compliance status of PM,  for Shankhapark Station

2.2.5.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 3.2 pug m to 735.8 pg m=. The lowest and the highest concentration of TSP
was observed on 5™ October at 5:00 and 24" December at 15:00 respectively. The statistical summary of the

hourly average is presented in the table below:

Table 35: Summary of hourly average of TSP for Shankhapark Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
3.2 pgm? 44.6 pg m? 829 pugm?® [1152+999ugm?| 1543 ygm= | 735.8 uygm?
Histogram:

The dataset is clustered on the lower end of values (0-150) and as values increase, the frequency of observations

decreases rapidly.
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Figure 122: Histogram of TSP for Shankhapark Station
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Diurnal variation:

Hourly average of TSP progressively increases with time from 4:00 till 9:00. It peaks at 14:00 after that
decreases with time.
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Figure 123: Diurnal variation of TSP for Shankhapark Station

Monthly variation:

A high variation of TSP concentration was seen during December, whereas less during September.
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Figure 124: Monthly variation of TSP for Shankhapark Station

Daily average:

Figure 125 explains the daily trend of TSP,
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Figure 125: Daily average of TSP for Shankhapark Station
Table 36: Summary of daily average of TSP for Shankhapark Station
Minimum 1* quartile Median Mean + SD 3 quartile Maximum
11.4 pg m? 58.3 ug m? 125.0 pgm> [ 112.2 +56.8 pygm™ [ 152.3 pgm” | 236.2 ug m?

Within the available data, the lowest and highest concentration of TSP was found to be 11.4 pg m? to 236.2
ug m~ on 6* October and 24™ December respectively (table 53).

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The monthly average of TSP was lowest
in September (53.7 pg m~) and highest in December (183.1 pg m?).
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Figure 126: Monthly average of TSP for Shankhapark Station

This bar chart illustrates the seasonal distribution of the concentration of TSP, Because of limited data, the

seasonal averages of only Post-Monsoon is available (110.7 pug m?).
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Figure 127: Seasonal average of TSP for Shankhapark Station

Compliance status:

Out of the total 102 days of valid measurement, only 2 days in December exceeded the NAAQS.
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Figure 128: Compliance status of TSP for Shankhapark Station
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2.2.6 TU KIRTIPUR AIR QUALITY MONITORING STATION

TU Air Quality Monitoring Station was established in the year 2016. It lies inside the premises of Tribhuvan
university near DHM weather station.

Being situated within the university premises, there is relatively low traffic in the immediate vicinity of
the station. However, the Ring-Road is nearby, within a distance of less than 1 kilometer. The station is
positioned on the eastern side of Kirtipur municipality, with Kathmandu Metropolitan City lying to the east,
signifying its urban setting. Emissions from the vehicles is the main source of pollution in the area. Besides
emission from industries is another main source. In the winter season solid waste burning is also major
source. Sometimes pollution from other parts of the country enters the city. In Pre-monsoon season pollution
from forest fire in different parts of the country become one of the major source of pollution.

2.2.6.1 DATA ANALYSIS FORPM, ,

Hourly average:

The hourly average ranges from 2.6 pg m> to 167.7 pg m>. The lowest and the highest concentration of
PM, , was observed on 5® October at 5:00 and 1* January at 11:00 respectively. The statistical summary of
the hourly average is presented in the table below:

Table 37: Summary of hourly average of PM, , for Kirtipur Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum

2.6 pg m? 20.4 pg m? 392 pygm?® [ 44.8+289pugm? | 64.2 pgm? 167.7 pg m”

Histogram:

The dataset is clustered on the lower end of values (10-80) and as values increase, the frequency of observations
decreases rapidly.
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Figure 129: Histogram of PM2.5for Kirtipur Station

Diurnal variation:

The hourly mean of PM,  progressively increases with time from 6:00 and reaches to its peak at 7:00-8:00.
Thereafter it decreases and become lowest at 14:00. From 16:00 it again rises with time gains height around
21:00-22:00.
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Figure 130: Diurnal variation of PM, _ for Kirtipur Station

Monthly variation:

A high variation of PM, , concentration was seen during January to April, whereas less during August.
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Figure 131: Monthly variation of PM, , for Kirtipur Station

Daily average:

The daily average data was available only for 275 days. Figure 132 explain the daily trend of PM, . throughout
the year.
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Figure 132: Daily average of PM, _ for Kirtipur Station
Table 38: Summary of daily average of PM, , for Kirtipur Station
Minimum 1" quartile Median Mean + SD 3 quartile Maximum

7.3 pg m? 20.6 pg m” 42.8 uygm> | 44.8+24.8 ygm| 65.7 uygm? 114.2 ug m?

Within the avallable data, the lowest and highest concentration of PM, , was found to be 7.3 pg m” to
114.2 ug m” on 14" September and 3" February respectively (table 56). During the majority of days, PM,
concentration was found to be above NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The average concentration of PM,
was the the lowest in July (15.0 pg m?) and highest in March (71.8 pg m~). Monthly average of August and
December was not available due to limited availability of data.
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Figure 133: Monthly average of PM,  for Kirtipur Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Seasonal average of PM,
Winter season was highest (72.1 pg m?) and that of Monsoon season was lowest (23.2 pg m?).
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Figure 134: Seasonal average of PM, _ for Kirtipur Station

Compliance status:

Out of the total 275 days of valid measurement, 149 days exceeded the NAAQS.

I vots sps ot osta svananie [l oaye exceeaing nasas

H 3 a5 g I 30 30 o1
3‘

2B 2B 28
2%
21
o 14 15
6
0 0 0 1 0

[=]

Number of days
Pl
(=]

10-
u- i i i L] L L] " L) i
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

Y ——— 275

o | i i i i
0 100 200 300

Number of days
Figure 135: Compliance status of PM, _ for Kirtipur Station
Calendar plot

As per the calendar plot for PM,  (figure 1306), out of the total 275 valid days, AQI category of good to
unhealthy was seen throughout the day. A lot of Unhealthy categories of days can be seen on January to April.
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Figure 136: Calendar plot of PM, _ for Kirtipur Station

2.2.6.2 DATA ANALYSIS FOR PM,

Hourly average:

The hourly average ranges from 3.2 ug m” to 381.5 ug m=. The lowest and highest concentration of PM, jwas
observed on 6" October at 14:00 and 24™ April at 21:00 respectively. The statistical summary of the hourly
average is presented in the table below:

Table 39: Summary of hourly average of PM  for Kirtipur Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum
3.2 pg m? 348 ygm?® | 67.2pgm?|80.3+57.7pgm?| 110.1 pgm? 381.5 ug m?
Histogram:

The dataset is clustered on the lower end of values (10-150) and as values increase, the frequency of observations
decreases rapidly.
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Figure 137: Histogram of PM, | for Kirtipur Station

Diurnal variation:

The hourly mean of PM, progressively increases with time from 5:00 and reached to its peak at 9:00.
Thereafter it decreases till 14. There after it increases slightly with time till 18:00. There after it decreases
slightly with time.
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Figure 138: Diurnal variation of PM,  for Kirtipur Station

Monthly variation:

A high variation of PM,  concentration was seen during March and April whereas less occurs during July to
August.
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Figure 139: Monthly variation of PM, , for Kirtipur Station

Daily average:

Figure 140 explains the daily trend of PM throughout the year.
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Figure 140: Daily average of PM  for Kirtipur Station
Table 40: Summary of daily average of PM  for Kirtipur Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
11.2 pg m? 36.0 ygm> | 71.2pgm?> | 80.4+49.7 ygm>| 113.2 ugm> | 232.7 pgm?

Within the available data, the lowest and the highest concentration of PM, jwas found to be 11.2 pg m~ and

232.7 ug m? on 5* October and 25% April respectively (table 59).

Monthly average:

The average monthly concentration of PM, was shown in the bar chart. The monthly average value of PM

was the lowest in July (26.8 pg m™) and highest in April (152.4 ug m?).
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Figure 141: Monthly average of PM,  for Kirtipur Station

Seasonal average:

Nov  Dec

This bar chart illustrates the seasonal distribution of the concentration of PM, . Pre-Monsoon season has the
highest seasonal average (120.2 pg m?) and monsoon season has the lowest seasonal value (40.0 pg m?).
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Figure 142: Seasonal average of PM,  for Kirtipur Station

Compliance status:

Out of the total 275 days of measurement, 61 days exceeded the NAAQS.
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Figure 143: Compliance status of PM,  for Kirtipur Station

2.2.6.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 3.5 pg m? to 1008.6 pg m?. The lowest and the highest concentration of
TSP was observed on 6™ October at 14:00 and 24™ April at 22:00 respectively. The statistical summary of the
hourly average is presented in the table below:
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Table 41: Summary of hourly average of TSP for Kirtipur Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
3.5 ug m” 54.0 ygm™ | 108.6 pg m~ | 150.5 + 131.0 pg m™ | 200.0 pygm™ | 1008.6 pg m~
Histogram:

The dataset is clustered on the lower end of values (0-200) and as values increase, the frequency of observations

decreases rapidly.
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Figure 144: Histogram of TSP for Kirtipur Station

Diurnal variation:

1
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The hourly mean of TSP progressively increases with time and reached to its peaks at 10:00 which again

decreases and gains height around 17:00-18:00.
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Figure 145: Diurnal variation of TSP for Kirtipur Station
Monthly variation:

A high variation of TSP concentration was seen during March and April, whereas less occurs during August.

(82)

Status of Air Quality in Nepal Annual Report, 2022



TU Kirtipur Air Quality Monitoring Station

—— Bl * Mean
= E
~81 )
E _
@3 :
= :
% T e T
= § - i s -
[« | : :
o | o np S S E E E ——— Es E E
T T I
Jan Feb Mar Apr May Jun  Jul ﬁug Sep Oct Nov Dec
Months
Figure 146: Monthly variation of TSP for Kirtipur Station
Daily average:

Figure 147 explains the daily trend of TSP throughout the year.
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Figure 147: Daily average of TSP for Kirtipur Station
Table 42: Summary of daily average of TSP for Kirtipur Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
14.1 pg m? 71.6 ygm? | 119.0 ygm? [ 151.0 + 103.2 uyg m~ [ 209.5 uygm~ [ 502.8 pg m?

Within the available data, the lowest and highest concentration of TSP was found to be 14.1 pg mand 502.8
ug m? on 6™ October and 27% March respectively (table 62). Most of the available TSP concentration was
found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP, July has the lowest (55.1 pg m™) and
March has the highest monthly average value of TSP (311.9 pg m?).
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Figure 148: Monthly average of TSP for Kirtipur Station

Seasonal average:
This bar chart illustrates the seasonal distribution of the concentration of TSP. Pre-Monsoon season has the
highest seasonal average of TSP (240.7 pg m™) and Monsoon has the lowest seasonal average (73.2 pg m?).
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Figure 149: Seasonal average of TSP for Kirtipur Station

Compliance status:

Out of the total 275 days of measurement, 60 days exceeded the NAAQS.
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Figure 150: Compliance status of TSP for Kirtipur Station
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2.3 LUMBINI PROVINCE

2.3.1 DANG AIR QUALITY MONITORING STATION

Dang air quality monitoring station was established in 2018 at Ghorahi Sub-Metropolitan City in Dang
district, Lumbini Province. This station is located at Rampur near the office of Ward number 4. This station
represents the urban area.

Emission from the vehicles and industries are the main sources of pollution in the area around the station.
Another likely source of air pollution in this region is the extensive burning of agricultural.

2.3.1.1 DATA ANALYSIS FORPM, ,

Hourly average:

The hourly average ranges from 1.1 pg m™ to 413.9 pg m™. The lowest and the highest concentration of PM, |
was observed on 7* October at 3:00 and 5% May at 17:00. The statistical summary of the hourly average is
presented in the table below:

Table 43: Summary of hourly average of PM, for Dang Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.1 ug m? 9.0 pg m? 17.0 pg m? 23.7 + 21.6 pg m? 31.6 pg m? 413.9 pg m?

Histogram:

The dataset is clustered on the lower end of values (0-25) and as values increase, the frequency of observations
decreases rapidly.
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Figure 151: Histogram of PMz.s for Dang Station
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Diurnal variation:

The hourly mean of PM, , progressively increases with time and reached to its peak at 7:00-9:00 which again
decreases and gain helght around 18:00. The mean value was found more than median throughout the day.
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Figure 152: Diurnal variation of PM, s for Dang Station
Monthly variation:

A high variation of PM, | concentration was seen during January, whereas less during August and September.
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Figure 153: Monthly variation of PM, _ for Dang Station
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Daily average:
The daily average data is available only for 98 days.
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Figure 154: Daily average of PM, _ for Dang Station
Table 44: Summary of daily average of PM, _ for Dang Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
2.2 pgvm? 10.4 pg m? 199 pgm?® |251+182pugm?| 359 pgm?® | 83.4 pgm?

Within the available data, the lowest and highest concentration of PM, was found to be 2.2 pg m” to

83.4 pg m? on 13" September and 2" February respectively (table 65). Durmg the majority of days, PM, ,
concentration was found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The average concentration of PM
ranges from 10.3 pg m? in September to 42.8 pg m?in January.
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Figure 155: Monthly average of PM, , for Dang Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, ;- Because of limited data, the
averages of only one season- winter (45.3 pg m~) was presented in the figure 156
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Figure 156: Seasonal average of PMZ_5 for Dang Station

Compliance status:

Out of the total 96 days of valid measurement, only 21 days exceeded the NAAQS. Those noncompliance
days were included in January to May as shown in figure 157.
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Figure 157: Compliance status of PMZ.5 for Dang Station

Status of Air Quality in Nepal Annual Report, 2022



Dang Air Quality Monitoring Station

Calendar plot

As per the calendar plot for PM, , (figure 158), out of the total 98 valid measurement days, the majority of
days showed an AQI of good to moderate. Only one day in January and three days in February reached an
unhealthy state. Few days in January are also found to be unhealthy for the sensitive group.
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Figure 158: Calendar plot of PM, _ for Dang Station

2.3.1.2 DATA ANALYSIS FOR PM, |

Hourly average:

The hourly average ranges from 1.1 pug m™ to 442.8 pug m~. The lowest and highest concentration of PM |
was observed on 7™ October at 3:00 and 5" May at 17:00. The statistical summary of the hourly average is
presented in the table below:

Table 45: Summary of hourly average of PM, for Dang Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
1.1 pg m? 9.9 pg m? 20.1 pgm?® |[29.0 +26.7ugm?| 41.6 ygm? 442.8 pg m*

Histogram:

The dataset is clustered on the lower end of values (0-35) and as values increase, the frequency of observations
decreases rapidly.
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Figure 159: Histogram of PM for Dang Station

Diurnal variation:

The hourly mean of PM,  progressively increases with time and reached to its peaks at 7:00-8:00 which again
decreases and gain height around 18:00.
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Figure 160: Diurnal variation of PM, for Dang Station
Monthly variation:

A high variation of PM,  concentration was seen during January, whereas less during August and September.
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Figure 161: Monthly variation of PM | for Dang Station
Daily average:
The daily average data was available only for 97 days.
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Figure 162: Daily average of PM for Dang Station

Table 46: Summary of daily average of PM, for Dang Station

Minimum

1* quartile

Median

Mean + SD

3 quartile

Maximum

2.4 ug m?

11.1 pg m?

21.2 yg m?

30.4 + 22.4 ug m?

47.1 pg m?

94.9 ug m?

Within the available data, the lowest and the highest concentration of PM  was found to be 2.4 pg m~ to
94.9 pg m?on 16™ September and 3" February respectively (table 68). The total available PM,  concentration

was found to be

below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The average concentration of PM,
ranges from 11 pg m? in September to 50.8 pg m?in January.
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Figure 163: Monthly average of PM,  for Dang Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . Because of limited data, the
averages of only one season- winter (58.6 pg m™) was presented in the figure 164.
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Figure 164: Seasonal average of PM for Dang Station
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Compliance status:

Out of the total 96 days of valid measurement, none of the days exceeded the NAAQS as shown in figure 165.
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Figure 165: Compliance status of PM , for Dang Station

2.3.1.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.1 pg m? to 859.9 pg m?. The lowest and the highest concentration of TSP
were observed on 7% October at 3:00 and 23" May at 18:00. The statistical summary of the hourly average

was presented in the table below:

Table 47: Summary of hourly average of TSP for Dang Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum
1.1 pg m? 10.8 pg m? 23.1pgm? [39.1+46.7 ygm? | 53.6 uygm> | 859.9 ugm?
The dataset is clustered on the lower end of values (0-50) and as values increase, the frequency of observations
decreases rapidly.
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Figure 166: Histogram of TSP for Dang Station
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Diurnal variation:

The hourly mean of TSP progressively increases with time and reached to its peak at 10:00 which again
decreases slightly and gains height around 18:00.
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Figure 167: Diurnal variation of TSP for Dang Station
Monthly variation:

A high variation of TSP concentration was seen during May whereas less during August and September.
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Figure 168: Monthly variation of TSP for Dang Station

Daily average:

The daily average data was available only for 98 days.
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Figure 169: Daily average of TSP for Dang Station
Table 48: Summary of daily average of TSP for Dang Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
2.4 pgm? 12.1 pg m? 229 pgm? | 40.1 +34.0 pgm? [ 61.1 pgm” [ 166.2 pg m?

Within the available data, the lowest and highest concentration of TSP was found to be 2.4 ug m? to 166.2
ug m~on 16" September and 3 February respectively (table 71). The total available TSP concentration was

found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. The average concentration of TSP ranges

from 12.1 pg m? in September to 74.3 pg m™ in May.
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Figure 170: Monthly average of TSP for Dang Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP, Because of limited data, the
averages of only one season- winter (75.1 pg m™) was presented in the figure 171.
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Figure 171: Seasonal average of TSP for Dang Station

Compliance status:

Out of the total 96 days of valid measurement, none of the days exceeded the NAAQS as shown in figure 172.
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Figure 172: Compliance status of TSP for Dang Station

2.3.2 NEPALGUN]J AIR QUALITY MONITORING STATION

Nepalgunj Air Quality Monitoring Station was established in the year 2018 in the premises of district
administration office of Banke, Lumbini province. It represents the urban area. The main sources of pollution
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in this region are vehicles and industries. Banke Industrial estate is also near to the station. Agriculture residue
buring and forest fire are also major source during winter and pre-monsoon seasons.

2.3.2.1 DATA ANALYSIS FORPM, ,
Hourly average:

The hourly average ranges from 3.9 ug m” to 195.3 ug m”. The lowest and highest concentration of PM, ,
was observed on 12* May at 16:00 and 31* January at 21:00 respectively. The statistical summary of hourly
average was presented in the table below:

Table 49: Summary of hourly average of PM,  for Nepalgunj Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum

3.9 pgm? 17.8 ug m? 339 ugm” [39.0+26.2pugm?| 53.5ugm? 195.3 pg m?

Histogram:

The dataset is clustered on the lower end of values (10-70) and as values increase, the frequency of observations

decreases rapidly.
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Figure 173: Histogram of PM, _ for Nepalgunj Station

Diurnal variation:

The hourly mean of PM, | progressively increases with time and reached to its peaks at 8:00 which again
decreases and gain height around 21:00. In general mean value was greater than median value throughout the
day except at 7:00 when mean is less than median.
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Figure 174: Diurnal variation of PM, , for Nepalgunj Station
Monthly variation:

A high variation of PM, | concentration was seen during January, whereas less during October.
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Figure 175: Monthly variation of PM, _ for Nepalgunj Station

Daily average:

The daily average data is available only from 1* January to 30® May.
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Figure 176: Daily average of PM, for Nepalgunj Station
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Table 50: Summary of daily average of PM, , for Nepalgunj Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
9.0 pgm?® | 24.3 pgm? 38.8 ugm? | 39.4+19.5ugm?| 49.7 uygm? 92.7 pg m’

Within the available data, the lowest and the highest concentration of PM, ; was found to be 9.0 pg m~and
92.7 pg m> on 12 May and 2" January respectively (table 74). During majorlty of days, PM, , concentration
was found to be above NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The average concentration of PM, | was
the highest in January (57.9 pg m?) and decreases thereafter and become lowest at May (14.1pg m™). After
may monthly average data was not available.
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Figure 177: Monthly average of PM, , for Nepalgunj Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Because of limited data,
the averages of only two seasons- winter and pre-monsoon, were presented in the figure 178. Of these two
seasons, the seasonal average of winter season (53.1 pg m~) was found more than that of pre-monsoon season

(29.9 pug m?).
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Figure 178: Seasonal average of PM, for Nepalgunj Station
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Compliance status:

Out of the total 149 days of valid measurement, 70 days exceeded the NAAQS. Those noncompliance days
were included in January to April as shown in figure179.
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Figure 179: Compliance status of PM, , for Nepalgunj Station

Calendar plot

As per the calendar plot for PM, ; out of the total 149 measured days, good to unhealthy category of AQI
class can be seen. Unhealthy categorles of AQI can be seen in January and February.
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Figure 180: Calendar plot of PM, _ for Nepalgunj Station

2.3.2.2 DATA ANALYSIS FOR PM

Hourly average:

The hourly average ranges from 6.0 pug m~ to 364.5 pg m>. The lowest and the highest concentration of PM |
was observed on 4™ February at 7:00 and 18® May at 19:00 respectively. The statistical summary of hourly
average is presented in the table below:
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Table 51: Summary of hourly average of PM , for Nepalgunj Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
6.0 pg m? 31.5pgm” | 47.1pgm” |[52.6+29.7 pgm? | 68.9 ugm? 364.5 pyg m?
Histogram:

The dataset is clustered on the lower end of values (10-90) and as values increase, the frequency of observations
decreases rapidly.

o _
27 — Mean
281
o -3
T Mean = 52.6 ug m
8
[ =1 7
G -
r T T T 1
0 100 200 300 400

PMyo (ug m™)

Figure 181: Histogram of PM , for Nepalgunj Station

Diurnal variation:

The hourly mean of PM, progressively decrease from 0:00 to 5:00 then increases with time and reached to its
peaks at 8:00 which again decreases up to 15:00 and is almost similar up to 16:00. After that it again starts
to rise and gain height around 19:00- 21:00 there after it decreases.
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Figure 182: Diurnal variation of PM,  for Nepalgunj Station
Monthly variation:

A high variation of PM,  concentration was seen during April, whereas less during October.
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Figure 183: Monthly variation of PM  for Nepalgunj Station

The daily average data was available only from 1* January to 30* May.
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Figure 184: Daily average of PM | for Nepalgunj Station
Table 52: Summary of daily average of PM  for Nepalgunj Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
13.9 ug m? 38.1 ug m? 533 pugm?® |[52.9+20.2pgm?| 68.0 ugm? 98.3 pg m?

Within the available data, the lowest and the highest concentration of PM  was found to be 13.9 pg m?and
98.3 pg m? on 4™ February and 18" April respectively (table 77). The all the available daily average PM |

concentration was found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The monthly average of May was found

to be the lowest (27.4 pg m™) and that of April was found to be the highest (64.2 pg m™).
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Figure 185: Monthly average of PM,  for Nepalgunj Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . Because of limited data, the

averages of only two seasons- winter and pre-monsoon, are presented in the figure 186. Of the two seasons,

the seasonal average of the winter season (58.6 pg m™) was found more than that of pre-monsoon (48.9 pg
-3

m?).
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Figure 186: Seasonal average of PM , for Nepalgunj Station

Compliance status:

Out of the total 149 days of valid measurement, none of the day exceeded the NAAQS.
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Figure 187: Compliance status of PM  for Nepalgunj Station

2.3.2.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.1 pg m? to 1120.2 pg m?. The lowest and the highest concentration of
TSP was observed on 4" February at 7:00 and 18® May at 19:00. The statistical summary of hourly average

is presented in the table below:

Table 53: Summary of hourly average of TSP for Nepalgunj Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
1.1 gm? 43.6 ug m? 63.8 pgm?® |759+583ugm?| 92.5pugm> | 1120.2 pygm?
Histogram:

The dataset is clustered on the lower end of values (10-150) and as values increase, the frequency of observations

decreases rapidly.
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Figure 188: Histogram of TSP for Nepalgunj Station
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Nepalgunj Air Quality Monitoring Station

Diurnal variation:

The hourly mean of TSP progressively decreases from 0:00 to 5:00 then increases with time and reached to its
peak at 9:00 which again decreases up to 12:00 and it again peak at 19:00 and thereafter it decreases.
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Figure 189: Diurnal variation of TSP for Nepalgunj Station

Monthly variation:

A high variation of TSP concentration was seen during April, whereas less during October.
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Figure 190: Monthly variation of TSP for Nepalgunj Station

Daily average:

Figure 191 explains the daily trend of TSP throughout the year.
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Figure 191: Daily average of TSP for Nepalgunj Station
Table 54: Summary of daily average of TSP for Nepalgunj Station
Minimum 1" quartile Median Mean + SD 3" quartile Maximum
20.2 pg m? 50.8 pg m” 70.7 pgm? | 76.1 +35.7 pgm” | 87.6 ygm= | 194.4 pg m?

Within the available data, the lowest and the highest concentration of TSP was found to be 20.2 pg mand
194.4pg m™ on 24™ April and 4™ February respectively (table 80). All the available daily average of TSP was

found to be below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP, It can be seen that out of the available
monthly average data May has the lowest (53.6 pg m™) and April has highest (122.1 pg m?) value.
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Figure 192: Monthly average of TSP for Nepalgunj Station
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Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP. Because of limited data, the
averages of only two seasons- winter and pre-monsoon, were presented in the figure 193. Of the two seasons,
the concentration of the pre-monsoon season (82.9 pg m?) is found more than that of winter season (65.2

pg m).
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Figure 193: Seasonal average of TSP for Nepalgunj Station

Compliance status:

Out of the total 149 days of valid measurement, none of the day exceeded the NAAQS.
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Figure 194: Compliance status of TSP for Nepalgunj Station
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2.4 KARNALI PROVINCE

2.4.1 RARA AIR QUALITY MONITORING STATION

Inside the premises of Rara National Park, the Rara Air Quality Monitoring Station was established in the
year 2020. It lies in Mugu district of Karnali Province. This station represents air quality of high mountain
(also stated as background AQMS). The local air quality might be influenced by regional haze, regional fire

and local emission activities.
2.4.1.1 POINT DATA ANALYSIS FOR PM, ,
Hourly average:

The hourly average ranges from 1.1 ug m™ to 124.4 ug m. The lowest and highest concentration of PM,
was observed on 12" October at 1:00 28" and April at 20:00 respectively. The statistical summary of hourly
average is presented in the table below:

Table 55: Summary of hourly average of PM, _ for Rara Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.1 pg m? 3.2 pg m? 6.7pugm? | 132+ 157 pgm?| 16.7 ugm? 124.4 ug m?
Histogram:

The dataset is clustered on the lower end of values (0-20) and as values increase, the frequency of observations
decreases rapidly.
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Figure 195: Histogram of PM, for Rara Station

Diurnal variation:

The hourly mean of PM, ; was not much variable throughout the day but it is slightly lower during the day
time. It reached to the lowest point at 13:00.
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Figure 196: Diurnal variation of PM,  for Rara Station

Monthly variation:

A high variation of PM, | concentration was seen during June whereas less during November.
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Figure 197: Monthly variation of PM, _ for Rara Station
Daily average:

Figure 198 shows the daily trend of PM, , throughout the year.
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Figure 198: Daily average of PMZ.5 for Rara Station
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Table 56: Summary of daily average of PM, , for Rara Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.8 pg m? 4.1 pg m? 7.4 pg m? 139+ 15pgm?| 17.9 pg m? 97.0 pg m?

Within the available data, the lowest and the highest daily average of PM, ; was found to be 1.8 pg m*and
97.0 pg m? onl5™ July and 28® April respectively (table 83). During majorlty of days, PM, . concentration
was found to be below NAAQS. However, many days in April and May exceed the NAAQS

Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. The monthly average was found lowest
in July and August (4 pg m”) and highest in April (42.2 pg m 3) Monthly average was not available for
October and November.
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Figure 199: Monthly average of PM, , for Rara Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Because of limited data, the
averages of post-monsoon season were not available. The seasonal average of pre-monsoon season was highest
(26.1pg m™) and that of winter season was the lowest (6.3 pg m™).
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Figure 200: Seasonal average of PM, for Rara Station
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Compliance status:

Out of the total 284 days of valid measurement, only 19 days exceeded the NAAQS. Those noncompliance
days were March, April and June.

. 'qulumnlww-. Diays excesding MAKDS

N a0 3 ang
30- " 2 27
= 24 2 23
=
‘s 20-
E 13
10
E 10-
= 4
: l ,
0 0 0 0 0 (] 0 0 D
0=, . : ; : ; : : : = ! ;
Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec
Months
& o
Tl _ m‘
&8 - . :
0 100 200 300
Number of days
Figure 201: Compliance status of PMZ.5 for Rara Station
Calendar plot

As per the calendar plot for PM,  (figure 202), out of the total 284 valid days, majority of days showed AQI
of good state. The AQI of five days in April reached to unhealthy state.

Figure 202: Calendar plot of PM, _for Rara Station
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2.4.1.2 DATA ANALYSIS FOR PM

Hourly average:

The hourly average ranges from 1.2 ug m~ to 160.7 pg m™. The lowest and the highest concentration of PM |
was observed on 12*® October at 1:00 and 28" April at 20:00. The statistical summary of hourly average is

presented in the table below:

Table 57: Summary of hourly average of PM  for Rara Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.2 ug m? 4.0 ug m? 82ugm?® [19.0+23.2pgm? | 25.0 pgm? 160.7 pg m~
Histogram:

The dataset is clustered on the lower end of values (0-20) and as values increase, the frequency of observations

decreases rapidly.
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Figure 203: Histogram of PM1 . for Rara Station

Diurnal variation:

1
200

The hourly mean of PM,  was not much variable throughout the day but it is slightly lower during the day

time. It is lowest at 13:00.
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Figure 204: Diurnal variation of PM , for Rara Station
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Rara Air Quality Monitoring Station

Monthly variation:

A high variation of PM,  concentration was seen during April and June whereas less during July to December.
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Figure 205: Monthly variation of PM , for Rara Station

Daily average:

Figure 206 explains the daily trend of PM,  throughout the year.
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Figure 206: Daily average of PM for Rara Station
Table 58: Summary of daily average of PM  for Rara Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum

2.0 ug m? 5.0 pg m? 9.1 pg m? 19.8 + 22.1 pg m” 27.3 uyg m? 124.7 pg m?

Within the available data, the lowest and the highest concentration of PM [, was found to be 2.0 pg mand
124.7 pg m> on 12* October and 28" April respectively (table 86). Daily average value of only one day
exceeded the NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of PM, . The monthly average was lowest in
August (4.8 pg m”) and highest in April (61.5 ug m~). Monthly average was not available for October and
November.
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Figure 207: Monthly average of PM,  for Rara Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM,,. Because of limited data, the
averages of post-monsoon season were not available. The seasonal average of pre-monsoon season was highest
(38.7pg m?) and that of winter season was lowest (8.5 pg m?).
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Figure 208: Seasonal average of PM,, for Rara Station

Compliance status:

Out of the total 291 days of measurement, only one day exceeded the NAAQS.
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Figure 209: Compliance status of PM  for Rara Station

2.4.1.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.2 pg m? to 710.0 pg m™. The lowest and the highest concentration of TSP
was observed on 12 October at 1:00 and 3™ February at 2:00. The statistical summary of hourly average is

presented in the table below:

Table 59: Summary of hourly average of TSP for Rara Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.2gm? 5.1 pg m? 113 pugm> | 31.1 +42.5ugm™| 38.8 uygm? 710.0 pg m~

Histogram:

The dataset is clustered on the lower end of values (0-50) and as values increase, the frequency of observations

decreases rapidly.
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Figure 210: Histogram of TSP for Rara Station
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Diurnal variation:

The hourly mean of TSP is not much varied throughout the days. It peaks at 9:00.
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Figure 211: Diurnal variation of TSP for Rara Station
Monthly variation:

A high variation of TSP concentration was seen during June whereas less during July to December.
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Figure 212: Monthly variation of TSP for Rara Station

Daily average:

Figure 213 explains the daily trend of TSP throughout the year.
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Figure 213: Daily average of TSP for Rara Station
Table 60: Summary of daily average of TSP for Rara Station
Minimum 1** quartile Median Mean + SD 3 quartile Maximum
20.2 pg m? 50.8 pg m? 70.7 pgm? | 76.1 +35.7 pgm? [ 87.6 ygm? | 194.4 pg m?

The lowest and the highest concentration of TSP was found to be 20.2 pg m™ ®and 194.4pg m™ on 12*
October and 28" April respectively (table 89). All of the available daily average TSP value was found to be

below NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. It can be seen that the monthly average
was lowest in August (6.0 pg m*) and highest in April (103.4 ug m?). Monthly average was not available for
October and November.
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Figure 214: Monthly average of TSP for Rara Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP. Because of limited data, the
averages of post-monsoon season were not available. The seasonal average of pre-monsoon season was highest
(66.0pg m™) and that of winter season was the lowest (14.3 pg m™).

(118) Status of Air Quality in Nepal Annual Report, 2022



Rara Air Quality Monitoring Station

60-

TSP (ng m™)
B
=]

8
[==]

WJﬁter Fre-M-fmsonn Mcn:soun F'oslah-'r'un SO0N
Seasons

Figure 215: Seasonal average of TSP for Rara Station

Compliance status:

Out of the total 295 days of measurement, none of the day exceeded the NAAQS.
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Figure 216: Compliance status of TSP for Rara Station

2.4.2 SURKHET AIR QUALITY MONITORING STATION

Surkhet air quality monitoring station was established in 2019 at Birendranagar Municipality in Surkhet
district, Karnali Province. This station is inside premises of Karnali Province police office. Many government
offices are located near the station. This station represents the urban area.

Emission from the vehicles are the main sources of pollution in the area around the station. A lot of agricultural
residue burning is practiced and a lot of forest fire are observed during the pre-monsoon season, which is
another probable source of air pollution in this area. Pollution from other region is also major source of
pollution.
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2.4.2.1 DATA ANALYSIS FORPM, |

Hourly average:

The hourly average ranges from 1.1 pug m™ to 194.1 pg m™. The lowest and the highest concentration of PM,
was observed on 2™ June at 9:00 and 2™ February at 18:00. The statistical summary of the hourly average is
presented in the table below:

Table 61: Summary of hourly average of PM, , for Surkhet Station

Minimum 1* quartile Median Mean + SD 3 quartile Maximum
1.1 ug m? 16.1 pg m? 259 pugm” |[284+18.7ugm?| 37.6 uygm? 194.1 pg m?

Histogram:

The dataset is clustered on the lower end of values (0-50) and as values increase, the frequency of observations
decreases rapidly.
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Figure 217: Histogram of PM, for Surkhet Station

Diurnal variation:

The hourly mean of PM, | progressively increases with time and reaches to its peak at 8:00 which again
decreases and gains height around 18:00-19:00. The mean value was similar to the median throughout the

day.
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Figure 218: Diurnal variation of PM, for Surkhet Station
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Monthly variation:

A high variation of PM, | concentration was seen during February, whereas less occurs during June.
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Figure 219: Monthly variation of PM, _ for Surkhet Station

Daily average:

The daily average data was available only from 1* January to 12* May.
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Figure 220: Daily average of PM, _ for Surkhet Station

Table 62: Summary of daily average of PM, , for Surkhet Station

Minimum 1** quartile Median Mean + SD 3 quartile Maximum
4.3 uyg m? 245pugm® | 31.1ugm?®|[309+11.3pugm?| 36.9 pgm? 76.8 ug m?

Within the available data, the lowest and highest concentration of PM, , was found to be 4.3 pg m”to 76.8
ug m? on 12 May and 25" April respectively (table 92). During the majority of days, PM, , concentration
was found to be below NAAQS.
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Monthly average:

The bar chart illustrates the monthly average concentration of PM, .. It can be seen that the average
concentration of PM, ; was similar in all four months: January (31.8 ug m™), February (33.3 pg m~), March
(32.0 pg m”) and Aprll (34.6 pg m?).
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Figure 221: Monthly average of PM, for Surkhet Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, .. Because of limited data, the
averages of only two seasons- winter and pre-monsoon, were presented in the figure 222. Of the two seasons,
the concentration of the winter season (32.5 pug m?) was found slightly more than pre-monsoon (29.7 pg

m?).
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Figure 222: Seasonal average of PMZ_5 for Surkhet Station
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Compliance status:

Out of the total 130 days of valid measurement, only 24 days exceeded the NAAQS. Those noncompliance
days were included in January to April as shown in figure 223.
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Figure 223: Compliance status of PM, _ for Surkhet Station
Calendar plot

As per the calendar plot for PM,  (figure 224), out of the total 130 valid days, the majority of days showed
an AQI of good to moderate. Only three days (February 2, April 25 and 26) reached an unhealthy state. Few
days in January to April are also found to be unhealthy for the sensitive group.
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Figure 224: Calendar plot of PM, for Surkhet Station
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2.4.2.2 DATA ANALYSIS FORPM

Hourly average:

The hourly average ranges from 1.1 pug m™ to 294.8 pug m~. The lowest and highest concentration of PM |
were observed on 4™ June at 5:00 and 14™ April at 1:00. The statistical summary of the hourly average is

presented in the table below:

Table 63: Summary of hourly average of PM for Surkhet Station

Minimum 1* quartile Median Mean + SD

3" quartile

Maximum

1.1 pg m? 18.3 pg m” 30.3 pgm? [ 32.8+22.2 pgm?

42.9 pg m?

294.8 ug m”

Histogram:

The dataset is clustered on the lower end of values (0-50) and as values increase, the frequency of observations

decreases rapidly.
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Figure 225: Histogram of PM for Surkhet Station

Diurnal variation:
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The hourly mean of PM  progressively increases with time and reaches its peak at 8:00 which again decreases

and gains height around 18:00.
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Figure 226: Diurnal variation of PM, for Surkhet Station
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Monthly variation:

A high variation of PM,  concentration was seen during February, whereas less occurs during June.
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Daily average:

The daily average data was available only from 1* January to 12* May.
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Figure 227: Monthly variation of PM,  for Surkhet Station
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Figure 228: Daily average of PM | for Surkhet Station
Table 64: Summary of daily average of PM,  for Surkhet Station
Minimum 1* quartile Median Mean + SD 3" quartile Maximum
4.4 pg m? 29.7 ugm? | 36.7ugm? [357+129pugm”| 43.9 pygm? 84.9 ug m?

Within the available data, the lowest and the highest concentration of PM, was found to be 4.4 pg m? to
84.9 ug m? on 12" May and 25" April respectively (table 95). The total available PM,  concentration was

found to be below NAAQS.
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Surkhet Air Quality Monitoring Station

Monthly average:

The average monthly concentration of PM, is shown in the bar chart. It can be seen that the average
concentration of PM, was similar in all four months- January (35.3 pg m~), February (37.3 ug m), March
(37.7 ug m?) and April (42.1 pg m?).
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Figure 229: Monthly average of PM, | for Surkhet Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of PM, . Because of limited data, the

averages of only two seasons- winter and pre-monsoon, were presented in the figure 230. Of the two seasons,

the concentration of the winter season (36.2 pg m~) was slightly higher than that of pre-monsoon (35.3 pg
-3

m?).
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Figure 230: Seasonal average of PM for Surkhet Station
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Surkhet Air Quality Monitoring Station

Compliance status:

Out of the total 130 days of measurement, none of the day exceeded the NAAQS.
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Figure 231: Compliance status of PM , for Surkhet Station

2.4.2.3 DATA ANALYSIS FOR TSP

Hourly average:

The hourly average ranges from 1.1 pug m? to 467.1 pg m>. The lowest and the highest concentration of
TSP were observed on 4" June at 5:00 and14™ April at 1:00. The statistical summary of the hourly average is

presented in the table below:

Table 65: Summary of hourly average of TSP for Surkhet Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum

1.1 ug m? 18.7 ugm? | 31.5pugm? |34.3+24.7 ygm?| 45.0 pgm? 467.1 pg m?

Histogram:

The dataset is clustered on the lower end of values (0-70) and as values increase, the frequency of observations

decreases rapidly.
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Figure 232: Histogram of TSP for Surkhet Station

Diurnal variation:

The hourly mean of TSP progressively increases with time and reached toits peak at 8:00 which again decreases

and gains height around 18:00.
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Figure 233: Diurnal variation of TSP for Surkhet Station
Monthly variation:

A high variation of TSP concentration was seen during January, whereas less occurs during June.
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Figure 234: Monthly variation of TSP for Surkhet Station
Daily average:

The daily average data is available only from 1* January to 12 May.
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Figure 235: Daily average of TSP for Surkhet Station

Table 66: Summary of daily average of TSP for Surkhet Station

Minimum 1* quartile Median Mean + SD 3" quartile Maximum

4.4 ug m? 323 pugm? | 38.8 ugm?|[37.3+13.4pugm?| 457 pgm? 86.9 ug m?

Within the available data, the lowest and highest concentration of TSP was found to be 4.4 pg m? to 86.9
pg m~ on 12 May and 25" April respectively. The total available TSP concentration was found to be below
NAAQS.

Monthly average:

The bar chart illustrates the monthly average concentration of TSP. It can be seen that the average concentration
of TSP was similar in all four months: January (37.2 pg m?), February (38.4 pg m?), March (39.4 pg m?)
and April (44.2 pg m?).
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Surkhet Air Quality Monitoring Station
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Figure 236: Monthly average of TSP for Surkhet Station

Seasonal average:

This bar chart illustrates the seasonal distribution of the concentration of TSP, Because of limited data, the
averages of only two seasons- winter and pre-monsoon were presented in the figure 237. Of the two seasons,

the concentration of the winter season (37.7 pg m?) was found slightly more than pre-monsoon (36.9 pg
m?).
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Figure 237: Seasonal average of TSP for Surkhet Station
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Surkhet Air Quality Monitoring Station

Compliance status:

Out of the total 130 days of measurement, none exceeded the NAAQS.
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Figure 238: Compliance status of TSP for Surkhet Station
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CHAPTER 3: CONCLUSION

This report analyzes particulate matter data from Grimm EDM collected from 11 air quality monitoring sites
from 1% January to 31 December 2022 operated by Department of Environment. Out of seven Provinces,
those 11 monitoring stations represent four Provinces of Nepal- Koshi Province, Bagmati Province, Lumbini
Province and Karnali Province.

The condition of air quality varied both temporally and spatially. In most of the stations particulate pollution
was found high during winter, pre-monsoon and post-monsoon. However, in Rara station it is high during
pre-monsoon and low during the rest of the seasons. The daily fluctuation of PM, ;and PM,  was highest in
the morning (5:00-10:00) and evening (17:00-23:00) and lowest throughout the day at the majority of the
stations. TSP, however, exhibits distinct patterns from PM, ;and PM | trends, the reason for which might be
a difference in their sources.

Looking at the compliance status, the concentration of PM,  was found least complied and that of TSP
was found to have complied the most with NAAQS. Even though the concentration of PM,  and TSP in
Kathmandu Valley has improved over 2016, the condition of PM, ; remains the same. The major sources of
PMZ_5 include vehicles, industries, biomass burning, forest fires, etc.

Not only in major cities like Kathmandu but in small cities like Dhankuta, the concentration of PM,
was found very high. Local sources of PM, | could not justify the level of PM, | concentration in cities like
Dhankuta, Nepalgunj and Bharatpur, which indicate transboundary movement of pollutants. Even in the
AQMS situated at 2990 masl, particulate pollution was found high during March and April. This might be
due to local and regional forest fires in the year 2021.

PM,  represents small dust particles that can easily transport long distances, reach our lungs and even enter
our bloodstream. Hence compliance status of PM, | is urging urgent intervention.
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