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gHIAY dAcd ST ITGTel faeafacare™, Mo a1garar & #ifadr fasmer Fua
feFATerT araraei va 3rafker Sifadr A gaeRmer (HASPRL) & 31, 3iTdie PR
A Ud 3o MY EHR-IAACY [aeaehal, 3ifeha FARX TUT TEGH AAF—CanT
SR F eI H @A §Ud<—°1+||d AT vd gafaroia oRadat, deeEa dat
$r FEAf qUT A WEWUT & TR 1 AAAE AT T faRelwor fRAr S T g
Y e H, gAIAT AcA SO ITGaTe faeafacarey & #ifadr fasmr fua Rare=
TR va 3ialer sifadr aver gaeremer garT 15 fAdeR 2026 1 3WEA 2:00
aor Hifadhr faemmer, 9k oREx # drudl AeeEd A gofed Sy fhar @) 5|
golfesT & & # A gy A4 @ fEufa, Al va iRy aRfEufaat
YT arg YeNUT ¥ Hefd YW d3Alaleh a2al ol faeasor g&dd fhar arar g1 @y
&1, 57 gRITATIAT & Fefad FRON vd 3% gITaRoiT gstmal &1 darfaie gfeehior
o faeevor fRar sm=r g
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gofeeT SR X g e Dol dg 3ureary, fasmemeey, sifachr faamr, foxer
aRET, MR & gl o FASIRT F FH ST WY Tg Igel AT &I Ueh HAgcaqul Td
WG dATfaAh Tgel &1 3ogll gl foh IATfeh ITHUT hael IPIciAch &1 dh
AfAT A8 WaT TIRT, Sfoh 3T ANl Td TANASR SAHABRT BT AT THTST,
JITaRoT TIETOT 3R STAhedoT dh qgiFrIT 3TaTF | 3oaied el o6 TdATT THT
# Ay I[UTaT, STefarg, IRaclsT, MAr3E A6 TAT AT TTeror & e d=irfeieh
HEYIT A AGdYOT & | $H YR & MY o hadl HTHSlT H I Td qaATaiofiy
SRl d¢l & e gld &, Sfesh JATARUT TIEIUT, TIEAELT gl JHTdT ahfa-
AT & AU o Agcaqul dATfaeh MUK YeTe &Y Hehd &1 3egiad 1. 3HTeilh PR
MIA TG 3T T EHF &I 36 FAgcaYUT STAfedd! Td deflieleh Tgel & folT TEIS
Td YHPHAN &1 3ogiel gl foh diad MAg3d I gelfesT & &7 &1 aadT arg
AU, 9 J[OTadT e (AQI), Hiwem aRf&ufaat dur degEe dEr TE
AGHSAT TgWehl ¥ HeTA IUCIet] deAlleleh 3MTehsi &1 faRelSoT SEd fohar aram g
ary &, 3 IRTEAfaar & gafad FRUNT U9 9I1aR0T W 3o9ch GHTAT DI ddlleleh
TTSChIOT & AT I JAMH ThAT a1 &1 Jelfeed & A TAAH & AT ez
AU, Ty detl gl qUur qATEur FRET0T UE S-Skl ¥ Hefdd
HEcaqul STy off s fr a1g Bl

“Ozone—Can’t Live With It, Can’t Live Without It”: €R_Tdd U9 Yoy, FAGIHASST H
SfiaeT I8TH

faea 3Gl fgad & 3aEX W 3ilelle & algdl AT & id STel-SIRAehdl SoT
T 3TIThdT I AT 17| FATTIh Tfoe T el T Wt 37 § oraes o
gZdql T Sfiged HT GI&T HT Fedell gl 1 ST Tehell, Afched TRTAA & fAehe gHAT
8 Higdl Ald TR & AT MR G o7 Hehcll &1 S Qg AR hr
AT H T ST Thdl §—"Ozone—Can’t Live With It, Can’t Live Without It.” 3T. I,
o gl f&h ISl T 99T &I &9 F 58 o1d W AR w7 & o ag argase H
fhd U W AlSg &1 A & 99 ISl Toh a1 Yg¥eh g, Sidieh FHATIHSH
# FEI G ged & [T grepfdes FRET Haa &1 w7 T gl R & e
defel dTell A3S-oldel ST MY fRET Wid ¥ 3cHfoid S8l il T8 FI & Fehrar
$r ufeafa & e 3Fass dur 3" asaflad s AP & T gl
aTell eI {eIeh JTATHATI & Tl T TE BIcihidchel THII S JHE Heh
gl a3 AT i@ 3 T FH SelT JUT @HA dF W Ul gHa ST
Fehll &1 T, §ol31 3R HdcaAehe safda s@s gemmal & ufd 3ifee dmaem sid|
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gHeh faulld, geft 1 ddg @ oErHer 1050 TR @1 FAg W R
FAAIHSAT 3G W gt W Sfael i @ A g1 Ig §F @ 3 arenn
gl TReerr (UV) fafamor, fagwa Uv-B fafewon, & te a3 {8 &r 3@
A &l 58 FROT G H FAE dF Ygd drel gMfAhReh UV fafrcor & amm
Aafd wcl 81 3caften UV fafaor & caem &l oendlel, caar $haR Jur 3 4@
g gaEamf, S AfAaee, &1 QA 9¢ Thdl &l SATAT el 9d Hr
TIEIUT hdel TATIIOT I AT AT, Sfod HAId TaELT 3R 37 arey difeat &
et &1 fawg o gl

3 3T W I¢ W Ay ¥ & Ageaqor 8-
“Good Ozone is High; Bad Ozone is Nearby.”
“IreaT AT FW, FieeRS e Al

RATERY araraxofir va diker #Hifadhr ary gaeRmer (HASPRL), Hifder faaer,
§HIC gl TEIOT Igarel favaidedrery garT ek aRaefar aryg oradr AR
TAT 15 FAdaR 2025 & 15 F@AR 2026 T gof T AT A F0rEar 3Hishsl i
faEqa d=fasr favelvor fohar T 3@ eI H1 3T IGareT RATrT A of-
EHIT/ENHASNT 3NSiled (03), UM TH AT yqWent, AlFAT Jgwor ggfadr o
Atasa aRfEufaal & a1 3% G & AT Hedihsd HET g1 LT ¥ e
3 g f& PM2.5 3R PMI0 aredreT B1ET & 9Hg d|guc§|cha?r§tf%flwa1§r@r
3@ # PM2.5 &1 3T AigdT 73.30 ABHIENA Uid O HIeX, Sidich PMI10 &
3Ea Figar 100.48 ABHEAH Uid O HEX ol T 5| T 33 & H Holg
YGNUT T (R @Y {@ifehed Xl ¢ 3R AT g aqurear o gur gewor
fAIIoT 3URT Fr AIRAT H TASC I gl 3EITT H 3ol & TR H &Y
HgcaqUT 3dAR-Terd W= &1 fAel| O; T Sfoleh JHTehcd 8-8 AT 49.02 HShHIAH
gfed =1 #eX gor frar I, gTeife Fo faftse gt & e Jfehe @ |igar
3T & @ g g5 S S| Ay & @ 19 fGEX 2025 F 05 # o8-S
AT 634.13 AZHRIA Ui g7 HeX T Tgd I, Sfafh Gfd-gC Fadr 880
AHETH 9fY g HeX @ J™F gof T TS| Ig geaT eard RHAT I gadrT
&7 # 3T # episodic TEAIHT Pl FHSA & v R IR 3R faEqa
IR T T TITRAT A &2l B

Ataer fagersor 7 8 gquor it Fuse Yt @A 1S | NdeTer F AaHET FfeHeT
(inversion) 3R AFHSAT TERAT & FHROT YWl & Hfa & PM HT HR TS T&T|
g, AsHRIel H Eel, 3T AT Td7 oig @R fafheor @ aaftra Tarafas gihansi
% HROT 0; IR COH TR A FEfr ¢&ll a1$| AT & NIl T eaRT Fguhi &
dTcITeRUT & §CTU Sflel T TfhaT (wet scavenging) & HRUT PM T Higdl & 31987
H TN €51 We R H TACTT: JgIUT HT TR g FFAT HT Jeloll H A el
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el NO2, 802, NH; 3R doliel ot 30 7@ AT Jgwei 1 3iad digard RaE
# sfeafld @& CPCB AR & e I S|

deTfiehl & IJAR, TE I Iodlel RHATT S Haeeifel qacia &7 # arg
I FHSTA H AGcdUT YR Y&TeT Il gl HEGAT & Avhy Ig o (@ifehd
¢ o fRATerY &1l & Seeldl STefarg Ud ded AT & Heal & deelicleh g
ouradr R, dlfs a3 SA-SHEhdT B IR FAolgd A H
HTGLThAT gl

RAE 7 o & FE wqyor Ad=or a1 (CPCB) garT fAuiRa i aiaehar arg
IUTET ATl (NAAQS) YT faRd TELT e (WHO) & 2021 & dRgsw arg
Joraar faenfader (Global Air Quality Guidelines) & 3TYR TR YH@ arf Yg¥el I
Higr T Jofer o1 T 75 &1 Tl A AghraA Ui g Al (ug/m?) H g, Sieih
HIEA ANAAFASS (CO)F AT HImA i g7 HieX (mg/m?) F f&w 71w &) 3=
(05) & fow WHO &1 Al dih-dieta 3iad fGenfader 60 pg/m* g1 8 ¢ &r afar
& faT CPCB 3 WHO G|l &7 AT 100 pg/m® &, STdfeh T € &7 39 & v
CPCB &l HATA% 180 pg/m’ gl

aTgarer B1ET A A 2025 @ @AsX 2026 & dr aF IOTaT 30iehst & faeawor &
F5 Il W AuiRa @ @ 37RF Jgque diadr gof 1 TS| 39 AT F FA 26
feait 3 arg vqueht 1 TR AUIRT dier & 31 ara o, St Fee AansitEass
(CO) T Figar 22 feat 7 TaRa Har & FIR gof Fr 7| F 3Fs Igdrel gy
arg IoTad & AT IR, Geuor & Fenfad @idt & ggare qur gerdr Ao
39T I HTGRISRAT BT IWITohd HIT ¢

Tgarer it H e A Rufa sitwa wo) wmew, Afda Fo RE # safts
T

e 2025 @ AR 2026 deh 3T AT U] 3HTehst & (AN & 4N,
Igarel G918 H 3T (0s) F1 &fAw 3f®hdd s8-8 3iad 49.02 AT gfa g
Hre @11 Fol 339 a4 AT & 3riepst & 26 &t (7.7 gfaid) & S 1 Aigar
HEIT GeuUT AT &1 (CPCB) gaRT fAuiRa 100 ASHEA wid oef el & 8-
ge F AT & 3UF g i S| I faveroor F Hohd Fear & F @ oaw
3NSieT T EN ENMAR TR FET T, Afehed $o faAT et 9 il S Higar
# 3aAE AR g gefr 3Er S| 38 gER M oAt udd aifedt A wuehy
Algy aRTEAA, JeWeal & TOF dUT g dagAST Iihamsi & @1y Ao
TR Ay aquraar Reufaat seoeet ax wadr g
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19ﬁﬁwzozsﬁﬁ§ém3ﬁa’lam

RAE # 19 GHT 2025 & 3G H T rcAfWF Ageaqol g gof & 75| 38
feet 05 T 8-8C AT 634.13 ATSHIAA U &f HeX Teb Tgd I, Sfafeh If-8e
ST Aigar 880 ABHIAH Ufd &1 #Hiex & 318 o1 f1 15| R & danfas
faeelvoT & AR, 56 IWHT def FT Fey @i & e ey A
ST @ 3cUesT Yl AT widr A Aty aRfEAfAE & FROT gyl & BEe
(pollutant trapping) & &I TehdT g1 Ig °gcaT Igdrdd [@HTer # TSl & episodic high-
concentration events I HHASTA & fIT TRAX IRET 3R ﬁ?—?—([?f IS TETTT Fr
HTGRISHAT &l I@ifehd LA g

defashl & 3TAR, 3T aif¥eh T 3UeThd FHA Bl & dldo[c S eUhliclh
HARew 3N gt Sy AR weer i TS @ Ageaqul §1 safev
T &1 H shael aniveh HEd W A T & I Efdeh Td Ieuehliae TquuT
AT FI fAIRTEAT 8 3maeas g

TMgarer w1 # el 3R FollTr gquor fRar &1 e

TS HATT A 339 3 &aAT # 26 &l (7.7%) W 05 & 8-89¢ AT CPCB & 100
pg/m® HAT F TS T@T| danifaenl & ITAR, 31 T & NS df R fafehor,
THIET-TATA e FfAfhame, arét 7 qgue! T ST, SRATH/3IT $U GgeT adT &1
ag-aRaga St aRTEufaar @enfad &7 @ SFAeR g1 Gl 81 ol wgwor ot
yegE AT w11 PM2.5 & 3Ed 73.30 pg/m? 3R PM10 &7 3R 100.48 pg/m? ot
g3 PM2.5 &1 Figall 169 et 3R PM10#T 146 fel 3 CPCB &Y 24-61¢ &1 @ &
3O N A 37hs ITgarel T A AR arg Ioradm AoRmE 3R gerdr ggyoT
fzFor 3uTat v MaeTHRAT F J@ifhd FA 2

Fareey, aiRfPufadt va iy wau mgea

PM2.5 3R PM10 & o TFAT do 39 TR AlId TaRT & fov &ar & fawg g1
3T O; Oigdl 298« a7 3R goeafaal & ganfad e Tehdr g1 Rarer et &
3T9-0; Gl 3R JhRIIEA@e 7 O Ay 3afaal fr eREr 3maas gl
RAIE & Tareey waral &1 AFIcHAS f@H 3TaholsT A8l ol 1T ¢, Safav sy
defe Td qUTeHE Hahdl de WA B

ST Ra A Fm & v dmfas Ierewd, ddsfas fre sk s
YAT HTaRIAF: 31 Ield AP Aaw
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16 RAdeER: ITWSET MNANT R TI&T0T gy

g a¥ 16 TR &l ARG TSl R TI&T0T f&ad (International Day for the
Preservation of the Ozone Layer) & &9 H HeIIAT ST gl g feaq & 3?\?."\’3 tBﬁT $r
3G WA & TWETT & 9fd aRRash SRTwehdl delell ddT HAed-879hRT deraf &
fAT=0T & fAT fhu o W@ IRASET TATET @l AT AT g1 19 EHIT 1994
Hgerc TSE HETEHT & 16 AR T ARSI 3ieileT TRl FI&T0T fead ey fovar
qT| Ig fGad av 1987 H 16 AR & Alfegdel Uleidhial (Montreal Protocol) 9T
gEARR fhU e &1 Tfd # HAT ST &1 Allecdol Weihiel &l 366 3o
TR gerdt & 3euree 3R 3TANT @ ARG S &S g i e wd
T ThHT g §| g wieeT SgIU Iarel faeafaearers & siifadhr fasmar o
Himalayan Atmospheric and Space Physics Research Laboratory (HASPRL) q %’3
agHSA Ud 3idRel #ifddr v ST, el AER AaH vd e At e
HAACT AGHRAT, 3P AR TUT FIEAA Tad & Hgl & 3ol R gedit |
Sheet & T e HAgeaqol Wishfde e &ad g1 Ig gF @ 31 arell gl
RIdarAT (UV) faferor, fadwey UV-B 3R UV-C & 3 REd &l 3aii®d &l gl
AT ST Td ST TIETUT shdol dlielehl IT TIPRT FI [SFAGRT Agl, ST AT
AT A AEfew FAGRT &

Aifreaa WetPia: IRTF ATl wgaer fr Agcaqor ®adar

3. AGH o FET [ AlfccTd Welbld A TR TATGRoT Tgaer Hr Jad
HEcaYUl HEd3 H & U AT Sl g1 386 IFddd FaRTraiase (CFCs),
g, e eSS, AATST FaRIwE 31 HCFCs S 3Nea-8TIRT gerdt &
3l UG 39ART H WU HAT ol & 9Id Fe 7w §)

TAAIHSS # Ugda & dTe g1 gardt ¥ gF B UV fafor & gana F Feidier 3R
sieleT A Ford g b &1 T 3O TEE TS IIhA13T & AEIH 4 el &
fasamer & sgrar &a &1 safov Nea-ager et F FafRa & e ®a
1 reehTioreh & & ToIv 3Hcad 3Maeash gl

fararrell WaereT: ST HIETOT F WY Ferarg WIETT

1. Idd F Fer fh av 2016 F T@TET FHr I fhamelr H FIATAT 13T TRl
T (Kigali Amendment) FlTeg el JICIehiel hr STerdarg TIGTOT F Siisel T fgem &
WHS(‘QL{‘\Ui heH %IWWH(HFCS)W-W Wﬁﬂﬁfﬁ,ﬁﬁmsﬂﬁ
ﬁmﬂﬁaﬁrmﬂmﬁwma@m%l SoTdhl 39T UIR-harelfaiar,
IFeRereT 3R B AT S &9t 7 fRar Srar g1 fRemely @M & 3id9d HFCs
& IUANT #H UMY FAT ol T HgATT il g
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deAIfeIeh Mehelall & 3TTER, fohatell HMU &I Thel fshaleadsl 58 AT & 3id dh
dfRass d9ATT i A T 0.5°C d&F WAT A #H ANET & Gl g1 39
YR ST E@eTor A fGer & fHv v were Searg 9Rade ¥ Aves 7 o
FAgcaqut AerereT & @ 8

ST Y AET FA AT ST §2

Sl. A A AT & TAAIHST A Hls[g Fol ISl T AT &I FHAI: SiaHe
gfAC (Dobson Unit—DU) # &g fhal ST 81 Ig agHsSH & Ftalek & &
Hislg el TSNl BT AET T gR1aT &1 T fhelr fafrse arg-smaaes 7 s i
maﬁ'mﬁmﬁ'*prm,pprW pg/m® ST SHIBAT H e¥erd ThaT ST
Hehdl g1 3Nl B RN & fow 3uarE MR dur Im3s-3mamd aldl 9hR &
3Hacilchel HecdqUl &1 Sreiehiielen 3MTehs 3itsiler, UV Tafeor, argasia w@mael qur
STefarg IRdcel & ra Ul Sl FASA H doAlioleh HTUR Jeled Al &

aifer & a1g a9 v AR AT F AW dAfAE wAHI I3TIF

ST, AMca o gl o TR & dlG dIdATeR0T A1 gled R dst U feholel &1 7Y g
I8 & T gF &1 yerer ST WA A FAse H W@ gl WG e d g o
eIl 3R UV AT g ooh 3deTihd 3T Jordl §9 & Igd Fehell ¢, SHTAT
UV L& & 9id SIeTEeh gl 37aRdeh gl

3egiel ol § 3T T foh Ol YT & FAT ofd FAY T G GF & q9h H A=
q o< TUT TERIhAT & AR AW, BIAT, UV-GR&TcHS aH 3R 30gFd st H1
3T Y| gATe STel 7 daer o 3Tl FrauEh ¥ 3ol Ig o Tuse fhar %
HAIHS AT 3NoleT 3R Aag & Aehe I3S-oad Nl o@T-37e1eT et # sy
oo =Tl Fo aRTEfaat & g3 & verer 6 sufeufa & aaqg & Hee B
GihdT3iT & HROT TSl &1 [AATIT §¢ TohdT &, 3R 3TT Figdl W Ig AlId TAELT
& foT gifldeRs® & T&har gl

fearerlt &t F UV SeEar ey w9 & gt

3. MadT F e F BEERT a3t & 30+ Fas & FRor UV [_AfeRor ¥ gefaa
SRTEehRdT {3 &7 & Hgcaqol &1 9acia &t & I@a arel ollel, seeil, gofeit oam
TdeH F O YT F AT 3T UV GO 39 39 a1fgUl el del
IWES S RATrY &7 3 3Gl Fr Srefepifores IR 31cdd FAgeaqu g1 Astiard,
AGY AT 3= AT &A1 @ e ErEehlicieh dHS 37iehst T e &1
30, UV fafor, arg Jqoradm 3R STerdrg qRade & WER Hetl & qHge A
HEcaqOT ARG & Hhdl §1 39 UG AM3S-3MRA facllehed] I Ueh A HHST
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O RATRT agHAse H glel arel IRacl 1 378 cuIeh dTicieh 3Meholsl HeTa &1
SETINY

FETHEH F I Iepa § RATeT aF

39eT 289 HIRCA 3feThiesh damifaieh HHATT & 3egaral FT Jeol@ FIA §U ST I
o gl o Ydig &A # argHsey yishat qur e # g ard aRader @
3eugeT dffgsh gATaRold gRade @l FAs & v 3cdd Ageaqul g1 3ierhicer
gl I STeldrg YOl AT argASed IRadal & IeqTT & v Teh Hgeaqor
TIpfdeh FAIRITCT gl 3ogiel &gl o Y &bl & o BAT a agHAsdy
afhar3it &1 darfaeh IR g gedr dr e 9ol Td Soaryg gotel i
SEaR &I O THSS H geradr #dr gl

defas SR R gar wEIIAaT HraRTF

ST, INdH o ez, enenfdat AR garsit & near fhar fo 9 3nsher w@=efor, uv
fafertor, a1y ewoT, STerarg, aRad AR feATerR— gaiaRer & 53 darae fawar @
gaet 3R gATe F denfae efSeahior Y gerar &1 Iegia &er o 3Nl TI&ToT i
Fad Teh JAWSET GAaoiT vy & &7 & A7 @r S a1fev, sfesdh 39 Al
EELY, STefary, fATerdl qaia)or 3R 31 arelr qifedl & FIam & Siishy TS
3TaTH g

3giel gl o HAlfecde Aedhid 3T fFHamel My & I8 Tase giar § & danfas
THTUT, ITATSET FE AT 3N WG HRaTs & ALIH § dRaeh qaiawofig I=ifaat
FT THTGT TATIT FHT g

3. aH F Fgr & NS TWET0T & AT Fad FIWSET AT w=&eq JE 8,
gfceh TURNT T W #f A=AMioteh SIETEehdT, ar YGuUT & $H#T 3R qATaRT-31e]gh el
SaaTel Sl ST T 3MaTe g1 INSAIT-&TIhRT TSt & 3UAT AT FHaAr
dur AR gITET T JeTT I F AR FAT G A 3NSeT W AT GRaT F v

Hgca ol g
A ARTRE @ 1. AtgH 1 3dier: ST TR A FAARNER S

g1, el AR IMdHA o TH ARIRG d 3diel @ F 3 Wd & &7 AR
arg YeNUT fAT0T sl AT NERY & @EAT o= U 38l el fob = WhoRkeX
Td TIR-HEIREN N ol H I 3ART s @ 7S¢ A & dolg 3oioh Ihoiie &
AT Rl v fAver gAfRad fhar sier @ifgv] waR-ahaiRriser Ta Whorers
3YRIUTT I AR TRETT He AT & R&Ta sl AT ST FAT Fodr-Hered 3R
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TATERUT-31e]ehel UM &l GrAHRT &1 SAV| Segiad ANTRel F aTgel Scdoral 3R
3 JGHOT WAl F A FeA H TGN A T 3o X §U HgT foh $08 eIl
& fddhe Sofa drd ABS-oad ISl Figd Ay WeWor # AEfd #e & Heg
et 3t aitae o FET— 3N Wa I 8T Fad AR AT THRT HI fHEASRY
el &; Tedeh ANTRe T BIE-AT GAR0T ARt Bere gt & gRigid sifasy
&1 g @ T gl”

I weer

“3MsileT TR T & X, UV fafor @ T & @Riald W 3R Seraryg w@veor &
Arer &1 Qo e MR, SeEdRar 3R aERe e & wiEa g
$T ot E1”
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Himalayan Atmospheric and Space Physics
Research Laboratory (HASPRL)

Department of Physics, Hemvati Nandan Bahuguna Garhwal University
Srinagar Garhwal, Uttarakhand

On the Occasion of the International Day for the
Preservation of the Ozone Layer

Fifth Greenhouse Gas Bulletin

Comprehensive Scientific Analysis of Weather, Air Quality Index (AQI) and
Atmospheric Pollutants

Scientific Assessment of Greenhouse Gases, Pollution Levels and Their Potential Causes
in Uttarakhand; Emphasis on the Importance of Local Research

The Himalayan Atmospheric and Space Physics Research Laboratory (HASPRL), Department
of Physics, Hemvati Nandan Bahuguna Garhwal University (HNBGU), Srinagar Garhwal, is
conducting continuous scientific studies and analysis of current meteorological and
environmental changes, greenhouse gas conditions and air pollution levels in the public
interest. As part of this initiative, HASPRL released its Fifth Greenhouse Gas Bulletin on 15
September 2026 at 2:00 PM at the Department of Physics, Chauras Campus. The bulletin
presents a scientific assessment of the prevailing greenhouse gas conditions, meteorological
and environmental circumstances, air pollution levels and major atmospheric pollutants in the
region. It also examines their possible causes and potential environmental implications. The
study and analysis were carried out by Dr. Alok Sagar Gautam and his research team
comprising Amandeep Vishwakarma, Ankit Kumar and Saraswati Rawat.

Scientific Research Must Reach Society: Prof. Trilok Chandra Upadhvay

Releasing the bulletin, Professor Trilok Chandra Upadhyay, Head, Department of Physics,
Birla Campus, Srinagar, described the initiative as an important and commendable scientific
effort being undertaken in the larger interest of society. He emphasized that scientific research
should not remain confined to academic institutions, but its findings and scientific information
should reach society and contribute to environmental protection and public welfare. He noted
that scientific studies related to air quality, climate change, greenhouse gases and the
Himalayan environment are particularly important at the present time. According to Prof.
Upadhyay, such research not only promotes scientific and environmental awareness among the
public but also provides an important scientific foundation for environmental conservation,
public health and effective policy-making. He congratulated Dr. Alok Sagar Gautam and his
research team for undertaking this important public-oriented scientific initiative. He further
said that the Fifth Greenhouse Gas Bulletin provides an analysis of the region's current air
quality, Air Quality Index (AQI), black carbon levels, meteorological conditions and available
scientific observations related to greenhouse gases and atmospheric pollutants. The bulletin
also attempts to explain the possible causes and environmental implications of these conditions.
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The bulletin contains important information on public health precautions, environmental
protection and awareness measures for the general public.

“Ozone—Can’t Live With It, Can’t Live Without It”: Pollutant Near the
Ground, Life-Saving Shield in the Stratosphere

On the occasion of the International Day for the Preservation of the Ozone Layer, HASPRL
emphasized the need to increase public awareness about the dual role of ozone. Scientifically,
ozone is a gas without which the protection of life on Earth cannot be imagined. However,
when present at elevated concentrations near the Earth's surface, ozone can become a serious
air pollutant and pose risks to human health. This dual role can be summarized as: “Ozone—

Can’t Live With It, Can’t Live Without It.”

Dr. Alok Sagar Gautam explained that the impact of ozone depends largely on where in the
atmosphere it is located. Near the Earth's surface, ozone is an air pollutant, while in the
stratosphere it acts as a natural protective shield for the planet. Ground-level ozone is not
emitted directly from a single source. It is formed through photochemical reactions involving
nitrogen oxides and volatile organic compounds in the presence of sunlight. It is a major
component of photochemical smog. Elevated concentrations of ground-level ozone can cause
irritation of the eyes and throat and adversely affect the respiratory system. Children, elderly
people and individuals who are particularly sensitive to air pollution should take additional
precautions during periods of elevated ozone.

Stratospheric Ozone: Earth's Natural Protective Shield

In contrast, the stratospheric ozone layer, located approximately 10-50 kilometres above the
Earth's surface, plays a vital role in protecting life on Earth. It absorbs a large proportion of the
Sun's harmful ultraviolet (UV) radiation, particularly UV-B radiation, thereby reducing the
amount of harmful UV radiation reaching the Earth's surface. Excessive exposure to UV
radiation can damage the skin and increase the risk of skin cancer, while prolonged exposure
can also contribute to eye-related problems such as cataracts. Therefore, protecting the ozone
layer is not merely an environmental issue—it is also a matter of human health and the
protection of future generations.

“Good Ozone is High; Bad Ozone is Nearby.”

One-Year Air Quality Assessment in the Garhwal Valley

HASPRL conducted a detailed scientific analysis of air-quality observations recorded at its
ambient air quality monitoring station from 15 September 2025 to 15 September 2026. The
objective was to assess ground-level/tropospheric ozone (Os), particulate and gaseous
pollutants, seasonal pollution trends, and their relationship with meteorological conditions in
the Garhwal Himalaya. The analysis indicates that PM2.5 and PM10 remained among the
major air pollution concerns in the Garhwal Valley.

During the one-year period:

> The average concentration of PM2.5 was 73.30 pg/m>.
> The average concentration of PM10 was 100.48 pg/m?.

These observations highlight the significance of particulate pollution in the region and
underline the need for continuous air-quality monitoring and effective pollution-control

Page 13 of 19



measures. Ozone concentrations also showed significant temporal variations. The daily
maximum 8-hour average ozone concentration was 49.02 pg/m?. However, exceptionally high
ozone concentrations were observed during certain episodes. A particularly notable event
occurred on 19 December 2025, when the 8-hour average ozone concentration reached 634.13
pg/m?, while the hourly ozone concentration exceeded 880 pg/m®. Such an episodic high-
concentration event highlights the need for continuous monitoring and detailed scientific
investigation of ozone behaviour in mountainous regions such as the Garhwal Himalaya.

Seasonal Pollution Trends

Seasonal analysis revealed clear variations in atmospheric pollution. During winter,
temperature inversion and atmospheric stability can restrict the vertical dispersion of
pollutants, resulting in greater accumulation of particulate matter. During summer, increased
dust, higher temperatures and stronger solar radiation can favour photochemical processes
associated with elevated ozone and carbon monoxide concentrations. During the monsoon,
rainfall removes atmospheric pollutants through a process known as wet scavenging, resulting
in relatively lower particulate concentrations. During autumn, pollution levels were generally
lower compared with several other seasons. The average concentrations of other major gaseous
pollutants, including NO2, SOz, NHs and benzene, were found to be within the relevant CPCB
standards referred to in the report. According to the scientists, these observations provide an
important basis for understanding the relationships among air pollution, ozone formation,
meteorological conditions and human activities in the environmentally sensitive Garhwal
Himalayan region. The findings also emphasize the need to strengthen long-term air-quality
monitoring, scientific research and public awareness in the Himalayan region in view of
changing climatic conditions and increasing urbanization.

Comparison with CPCB and WHO Guidelines

The report also compares concentrations of major air pollutants with the National Ambient Air
Quality Standards (NAAQS) prescribed by the Central Pollution Control Board (CPCB) and
the World Health Organization (WHO) 2021 Global Air Quality Guidelines. The values are
expressed in micrograms per cubic metre (ng/m?), while carbon monoxide (CO) concentrations
are expressed in milligrams per cubic metre (mg/m?). For ozone (Os), the report refers to the
WHO seasonal peak-season average guideline of 60 pg/m?. For an 8-hour averaging period,
the CPCB and WHO reference value is 100 pg/m?, while the CPCB 1-hour standard is 180
png/m?. Analysis of air-quality observations from September 2025 to September 2026 showed
that pollutant concentrations exceeded the applicable limits on several occasions. During the
study period, pollutant levels exceeded the prescribed limits on 26 days, while carbon
monoxide (CO) concentrations exceeded the relevant limit on 22 days. These observations
underline the importance of regular monitoring, identification of potential pollution sources
and implementation of effective pollution-control measures in the Garhwal Valley.

Ozone in the Garhwal Valley: Average Levels Moderate, but Sharp
Episodic Increases Observed

Analysis of available air-quality data from September 2025 to September 2026 showed that the
daily maximum 8-hour average ozone concentration in the Garhwal Valley was 49.02 pg/m?.
Out of 339 valid days, ozone concentrations exceeded the CPCB 8-hour reference value of 100
pg/m? on 26 days, or 7.7% of the valid observations. The scientific analysis indicates that ozone
levels were not continuously high throughout the year. However, short-duration episodes of
unusually high ozone concentrations were observed. Such events in mountain valleys may arise
from a combination of local meteorological conditions, pollutant accumulation and
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atmospheric chemical processes, potentially creating significant short-term air-quality
concerns.

Extreme Ozone Event Recorded on 19 December 2025

The report identifies 19 December 2025 as a particularly significant ozone episode.
On this day:

e 8-hour average Os: 634.13 pg/m?

e Hourly Os concentration: More than 880 pg/m?

The scientific assessment suggests that this unusual increase may have been associated with
pollutants originating from local biomass burning during winter, combined with
meteorological conditions that favoured pollutant trapping within the valley. The event
highlights the need for continuous observations and detailed scientific investigation of episodic
high-ozone events in the Garhwal Himalaya. Scientists emphasize that although the annual
average ozone level may appear relatively moderate, short-term extreme ozone events can still
be important from the perspective of public health and the environment. Therefore, daily and
short-term pollution episodes should be monitored in addition to annual averages, particularly
in complex mountainous terrain.

Ozone and Particulate Pollution Remain Important Concerns

During the study period, ozone exceeded the CPCB §8-hour reference value on 26 out of 339
valid days (7.7%).
Possible factors contributing to elevated ozone episodes include:
> Strong solar radiation
Photochemical reactions
Accumulation of pollutants within the valley
Biomass and solid-fuel combustion
Regional transport of air pollutants
> Local meteorological conditions
Particulate pollution also remained a major concern.
The average concentrations were:
PM2.5: 73.30 pg/m?
PM10: 100.48 png/m?
PM2.5 concentrations exceeded the CPCB 24-hour standard on 169 days, while PM10
exceeded the corresponding standard on 146 days.
These observations underline the need for continuous air-quality monitoring and effective
pollution-control measures across the Garhwal Valley.

VV V VY

Significance for Human Health, Ecosystems and Agriculture

Persistently elevated PM2.5 and PM10 concentrations are a concern from the perspective of
human health. Elevated ozone concentrations can adversely affect the respiratory system and
vegetation. In the Himalayan region, monitoring periods of elevated ozone and
photochemically active atmospheric conditions is therefore important. The report does not
provide a quantitative health-risk assessment. Accordingly, the health implications presented
here should be understood as scientific and qualitative indicators rather than a quantified
epidemiological risk estimate.
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Scientific Awareness, Long-Term Monitoring and Collective Action
Essential for Ozone Protection: Dr. Alok Sagar Gautam
Montreal Protocol: A Major Success of Global Environmental Cooperation

Dr. Gautam said that the Montreal Protocol is widely regarded as one of the most important
successes of international environmental cooperation. Under the Protocol, efforts have been
undertaken to phase down or phase out ozone-depleting substances such as
chlorofluorocarbons (CFCs), halons, carbon tetrachloride, methyl chloroform and HCFCs.
After reaching the stratosphere, some of these substances can release chlorine- and bromine-
containing compounds under the influence of solar UV radiation. These compounds can
participate in catalytic chemical reactions that accelerate ozone destruction. Controlling ozone-
depleting substances is therefore essential for the long-term protection and recovery of the
ozone layer.

Kigali Amendment: Linking Ozone Protection with Climate Protection

Dr. Gautam said that the Kigali Amendment, adopted in Rwanda in 2016, represents an
important step in linking ozone protection with climate action. Hydrofluorocarbons (HFCs) do
not deplete the ozone layer, but many HFCs have a high global warming potential. They are
widely used in air-conditioning, refrigeration and foam manufacturing. The Kigali Amendment
provides for a phased reduction in the consumption of HFCs. Scientific assessments indicate
that successful implementation of the Kigali Amendment could help avoid approximately
0.5°C of global warming by the end of this century. Thus, measures undertaken to protect the
ozone layer can also make an important contribution to addressing climate change.

How Is Ozone Measured?

Dr. Gautam explained that the total amount of ozone in the stratosphere is commonly expressed
in Dobson Units (DU). A Dobson Unit represents the total amount of ozone contained in a
vertical column of the atmosphere. Ozone concentration within a specific volume of air may,
depending on the application, be expressed in units such as ppm, ppb or pg/m?. Both satellite-
based and ground-based observations are important for monitoring ozone. Long-term
observations provide an essential scientific basis for understanding relationships among ozone,
UV radiation, atmospheric chemistry and climate change.

Strong Sunshine After Rainfall: Scientific Understanding of Ozone Is
Essential

Dr. Gautam clarified that clear skies and strong sunshine following rainfall do not mean that
sunlight is destroying the ozone layer. After rainfall, the atmosphere may become cleaner and
clearer, allowing solar radiation to reach the surface more effectively. Therefore, awareness
about UV protection remains important during periods of strong sunshine. He advised people
to avoid prolonged direct exposure to intense sunlight and, when appropriate, use hats,
umbrellas, UV-protective sunglasses and suitable clothing. Adequate hydration is also a useful
precaution, particularly during hot weather. He further emphasized that stratospheric ozone and
ground-level ozone must be understood in their respective atmospheric contexts. Under
suitable conditions, sunlight can drive photochemical processes near the Earth's surface that
increase ozone formation. At elevated concentrations, ground-level ozone can be harmful to
human health.
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UV Awareness Particularly Important in Himalayan Regions

Dr. Gautam said that UV awareness is particularly important in Himalayan areas because of
their higher elevations. Residents, children, elderly people and tourists in mountainous regions
should adopt appropriate UV-protection measures during periods of strong sunshine. He
emphasized that long-term ozone monitoring in Uttarakhand and other Himalayan regions is
scientifically important. Long-term atmospheric observations from Nainital, Mussoorie and
other Himalayan locations can contribute to understanding regional ozone behaviour, UV
radiation, air quality and climate change. Integrating satellite observations with ground-based
measurements can provide a more comprehensive assessment of atmospheric changes
occurring over the Himalaya.

From Antarctica to the Himalavya: Scientific Experience and Environmental
Understanding

Referring to his experience during his 28th Indian Antarctic Scientific Expedition, Dr. Gautam
said that studying atmospheric processes and ozone changes in polar regions is extremely
important for understanding global environmental change. Antarctica represents a significant
natural laboratory for studying the Earth's climate system and atmospheric processes. He
emphasized that scientific monitoring of atmospheric processes—from the polar regions to the
Himalaya—can help scientists better understand changes occurring in the Earth's
environmental and climate systems.

Scientific Awareness and Youth Participation Essential

Dr. Gautam appealed to students, researchers and young people to understand scientific issues
related to ozone protection, UV radiation, air pollution, climate change and the Himalayan
environment and to promote a scientific outlook within society. He said ozone protection
should not be viewed merely as an international environmental issue. It should also be
understood in relation to human health, climate, the Himalayan environment and the protection
of future generations. The Montreal Protocol and Kigali Amendment demonstrate that global
environmental challenges can be addressed effectively through scientific evidence,
international cooperation and collective action. Dr. Gautam emphasized that international
agreements alone are not sufficient. Scientific awareness at the local level, reduction of air
pollution and promotion of environmentally responsible lifestyles are equally important.
Controlling the use and release of ozone-depleting substances and implementing global
environmental commitments effectively remain essential for safeguarding the Earth's ozone
layer.

Dr. Gautam Appeals to Citizens: Public Participation Essential for Ozone
Protection

Dr. Alok Sagar Gautam appealed to citizens to make ozone protection and air-pollution control
an integral part of public participation. He advised that old refrigerators and air-conditioners
should not be discarded or dismantled improperly in the open. Safe recovery and disposal of
refrigerants should be ensured. Regular servicing of air-conditioning and refrigeration
equipment should be undertaken to prevent refrigerant leakage. Consumers should also give
preference to energy-efficient and environmentally responsible appliances. He appealed to
citizens to contribute to reducing vehicle emissions and other pollution sources, which can also
help reduce air pollution and the formation of ground-level ozone.
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Dr. Gautam said:

“Protecting the ozone layer is not the responsibility of scientists or governments alone.
The small environmental responsibilities undertaken by every citizen can collectively
lay the foundation for a safer future for our planet.”

Scientific Message

“Protect the ozone layer, protect yourself from harmful UV radiation, and contribute to

climate protection. Long-term scientific monitoring, public awareness and collective
action are the keys to a safer planet.”
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Photo 1: Dr. Alok Sagar Gautam releasing the Fifth Greenhouse Gas and Air Quality
Information Bulletin along with members of his research team—Amandeep Vishwakarma,

Ankit Kumar, Saraswati Rawat and Neeraj Kumar—at the Department of Physics,
Chauras Campus, HNBGU.
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Photo 2: Dr. Alok Sagar Gautam during his scientific research on ozone in Antarctica as
part of the Indian Antarctic Scientific Expedition.
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