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Article Info ABSTRACT

Article type: Obijective: Air pollution can have serious negative effects on human health, including

Research Article

cardiovascular and respiratory diseases. Monitoring and controlling air pollutants is very
important to protect public health and the environment. Like many developing countries,
Iran is facing air pollution, especially in its big cities and industrial cities. One of the
Article history: powerful tools in air pollution monitoring is remote sensing methods. The aim of this study
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2024 Methods In this study, a comprehensive monitoring based on the values of some of the
most important air pollutants (including Al, 03, NO2, SO2, CH4 and CO) has been done

using Sentinel-5 satellite images for Iran in 2019-2023.

Results: The results of this research showed that the emission of carbon monoxide and
sulfur dioxide gases had a decreasing trend (in the months of June as an example of the

?jﬁg;g; urban examined month), but nitrogen dioxide gas, methane gas, ozone gas and aerosols had an
development, increasing trend during the month. from June 2021 to 2023. In general, air pollution is
J!\:si?igl)e East, more serious in the northern parts of the country, especially in big cities and several large
Systerﬁatic review, urban gatherings. In this study, it was investigated how the levels of six air pollutants in
Environmental inequality. Iran vary and differ from June 2019 to 2023. Another important result of this research is

that the total amount of air pollution in 2020-2023 has faced an increasing trend compared
to 2019. Also, the monitoring by Sentinel-5 satellite images shows that in recent years,
Tehran has had the most polluted air in terms of carbon monoxide, nitrogen dioxide, sulfur
dioxide and suspended particles (dust). Also, changes in the concentration of pollutants do
not follow a specific pattern. It was also found that the GEE system is able to process a

large amount of data in a very short time with high accuracy.

Conclusions: Air pollutants (Al, 03, NO2, SO2, CH4, and CO) in Iran have significant

spatial differences that should be considered in future planning to combat pollution.
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is to use relatively high-resolution satellite data to monitor air quality and air pollution
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EXTENDED ABSTRACT

Introduction

Air is a complex heterogeneous mixture of gases and particles, some of which are routinely
monitored and are referred to as quality pollutants. These pollutants include gaseous
pollutants such as nitrogen dioxide (NO2), sulfur oxides (SO2), and particulate matter PM10
(less than 10 pum) and PM2.5 (less than 2.5 um). As air pollution has become a problem, air
quality monitoring is essential. Monitoring must continue for a long time to record different
atmospheric conditions. These monitoring data must be analyzed comprehensively to better
understand air quality. Nowadays, satellite remote sensing data with wide spatial coverage
and long time periods have become a promising tool for estimating surface air pollutants, and
have shown potential to fill the gap left by ground-based monitors, especially in areas with
sparse monitoring. Iran is among the ten countries with the highest air pollution. The origin of
air pollutants in Iran today includes the high use of fossil fuels and fine dust resulting from
long-term droughts in Iran and the Middle East. Therefore, studying and monitoring air
pollution in Iran is of great importance. This goal can be achieved using remote sensing data
with speed, accuracy, wide area and longer time periods. For this purpose, in this study, we
have investigated the spatio-temporal characteristics and factors affecting the concentration of
tropospheric pollutants over Iran between 2019 and 2023, due to the availability of satellite
data and information from Sentinel-5. For this purpose, methane (CH4), carbon monoxide
(CO), nitrogen dioxide (NO2), ozone (03), sulfur dioxide (SO2) and aerosol (Al) products of
the TROPOMII sensor installed on the Sentinel-5P satellite have been used.

Methods

This research is considered applied research in terms of purpose and descriptive-analytical in
terms of method. The geographical area of the study includes Iran. Iran is actually located in
West Asia and in the Middle East region. Iran is located in the desert belt of the world. For
this reason, dry and semi-arid climatic conditions prevail in most of Iran. Frequent droughts in
Iran and the Middle East and the high use of fossil fuels in Iran have increased air pollution in
Iran. The required data relied on Sentinel-5P TROPOMI NRTI data. For this purpose, the
monthly average of tropospheric pollutant concentration images was extracted from January
2019 to December 2023. The required data relied on Sentinel-5P TROPOMI NRTI data. For
this purpose, the monthly average of tropospheric pollutant concentration images was
extracted from January 2019 to December 2023. These data were extracted and processed
through the Google Earth Engine (GEE) platform and Python programming. Then, the maps
obtained from the previous stage were analyzed in ArcMap software. This research is
considered to be applied in terms of purpose and descriptive-analytical in terms of method.
The geographical area of the study includes the country of Iran. Iran is actually located in
West Asia and in the Middle East region. Iran is located in the desert belt of the world. For
this reason, arid and semi-arid climatic conditions prevail in most of Iran. Frequent droughts
in Iran and the Middle East and the high use of fossil fuels in Iran have increased air pollution
in Iran. In this way, the average concentration of air pollutants was extracted using Sentinel
5P data and shown by maps and graphs.

Results

Carbon monoxide (CO) is another important trace gas that has a significant impact on
environmental pollution. The analysis of the extracted maps and graphs clearly shows that the
amount of carbon monoxide (CO) is decreasing and the distribution of regional concentrations
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of carbon monoxide (CO) between 2020 and 2023 shows smaller ranges than in 20109.
Nitrogen dioxide (NO2) also plays an important role in air pollution as a primary pollutant
and as a precursor to the production of ozone and fine particles. Fossil fuel consumption,
biomass burning and lightning are the primary sources of NO2 production. The analysis of the
maps and graphs shows that the amount of nitrogen dioxide concentration is increasing,
especially in spatial areas related to metropolitan areas. In addition, the results of the studies
show that O3 gas, another secondary pollutant formed by sunlight and its precursors such as
nitrogen oxides (NOx) and volatile organic compounds (VOCs), has also been increasing.
Sulfur dioxide (SO2) is also a dangerous environmental pollutant and is derived from fossil
fuels. The results of the study show that although the production of this pollutant in Iran is
high and widespread, it has had a decreasing trend during the period under study. The
distribution of pollutant particles and aerosols also shows an increasing trend, but does not
follow a specific pattern. The regional distribution of methane (CH4) also showed a sharp
increase for the years 2020 to 2023 compared to 2019.

Conclusion

Based on the results of this study, it was found that the emissions of carbon monoxide and
sulfur dioxide have decreased, but nitrogen dioxide, methane, ozone, and aerosols have
increased during the months of June 2021 to 2023. The results show that these pollutants
show distinct spatial and seasonal changes. In general, air pollution is much more serious in
the northern parts of the country, especially in large cities and several large urban
agglomerations. In the present study, it was examined how the levels of six air pollutants in
Iran vary and differ from June 2019 to 2023. The results of the study also showed that the
changes in the concentration of pollutants do not follow a specific pattern. Monitoring carried
out by Sentinel-5 satellite images shows that in the year under study, Tehran had the most
polluted air in terms of the total gases of carbon monoxide, nitrogen dioxide, sulfur dioxide,
and suspended particles (dust). The results of this study confirm the findings of Ghanadi et al.
2022, Gharibi et al. 2021, and Mohammadnejad Arough 2020 regarding the high potential of
remote sensing data in studying air pollution, especially over large geographical areas.

Author Contributions
All authors participated in data collection, preparation of the research report, and data
analysis.

Data Availability Statement
Data is available upon request from the authors.

Acknowledgements
We would like to thank the esteemed referees for providing structural and scientific
comments.

Ethical considerations
The authors have observed ethical principles in conducting and publishing this scientific
research, and this is confirmed by all of them.

Funding
This article was prepared without financial support.

Conflict of interest
According to the declaration of the authors of this article, there is no conflict of interest.


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

o O bl 3l Juloi
YOAA —OVFF 5y I UL
Homepage: https://khu.ac.ir

& Jiwiiww 0 3190k 108l b (sl 3 595 2 592 ST sl g (owy

TS Slsb e | T gkely ey all g9, 7 lganel JloS

komidvar@yazd.ac.ir :aeblly .yl ) w3 ol&uisly ¢ wlid waldl 69,5 ¢ Jofume oMk g .Y

rohollah.19842023@gmail.com :aebll, . ol ul o35 ol&Kuisly ¢ wlid waldl 09,5 .Y

hajartoofani1376@gmail.com :asblly .yl nl o5 oKl ¢ awlis wuldl 09,5 .Y

RN LS

o SNt

4l PP RP PRV L s oo des L')LM}I CoMw (s> v ol il .»’19}‘ ~° l91b 953911 HERES
Ol 9985l o oy Gy Lo g (gogas Cuodls ) cbli> (lyy Tom (sl ouiy YT S 5 taly 0l
sl dzlgo 365 ixtio (o g o yres oM )3 029 4 92 (o9 b dnsgs Jlo )3 (58 ) (6 ey o
adlllas ol Bamssl (o 590 Jl Lloms g (e o gy don (Sogl Sl 50 siaiyib il S S
)59‘..45 51 eolatwl b ‘9.&. ;5911 ul)u 9]9.0: CutsS u*“l’ Lgl)g Yu Lw Z929 L Lg\o)lyzala slosls )'I odlazl
ol (Sentinel-5P) a— Juiw olizcus

oz 5l) Ioo gl oanVT e Sl (B dlie wlsly @l il cadlae ol )3 iReR (9,
el o ol 58S gy - s ojlsale (slapguas 5l ealizul L (CO 4 SO2,CH4<NO2¢O3¢Al
ol 485 iy Vo YY= V4N

slo ) (idlS Wy 3,565 weST (63 g opyS 2T gige (sla 55 Hlisl a8 sy L o ol ol (AL
K9y g3l 5 i) S5 colio Berioris domST (63 S Lol il (uyp 3590 oo diged (lsin (g5 sl
0394 y9uiS Jlod slayisu )3 Ign (Sagll ( IS job 4 b3l Azl Yo¥Y B YY) 565 olo olo Lo 1y (iuljél
o 4555 &5 45 ey gl adllae )3 sl g sl S S gedS Nz 9 Syn slajd »
ol e @l 500 5l sis Gglitie g g VoVY B YN (505 sbo olo 3 lpl jeiS )3 lon XY s
699, b YN Jlo b awolie )3 YoYY-VYe clodlo e (Sdol e Egoome D & Cul (pl Guid
2 FLERTS) «° ul.m.: a_JA-A.A-MA) b)‘}.hl.n dl.b).:}\a; <\.L.w9.: du_é)f Cyg ()“"L Oarod L] 045 d.>l9.o st;lﬁ‘
281 (83 1035558 demST (03 )5 AenS g0 SBJ Egazme Ll a1y Ism i o3l ol 3l sl Lo
LS o Cund w0l (66l o oun VT clale Gl wioren Cal azily (JLe g 3,5) slee I)3 § 5,565
Ooilays Vb s b Sl jly gloj 5o 1) b o3ls 51 (o0b; wo> canl 388 GEE wlolo b aseiie (puicmon
S

k}"b u;ha& dLm ual.m le)b Ul)Jl BRl ‘(CO 9 SOZ,CH4‘N02‘O3‘AI) l}&: dlm b.&.uy,l :d)'ﬁfd".‘ﬁﬁ
g 48,5 a3 )3 b (Sogl b ablie (sl ST slo g2 4l 3 b &S Cul a2

o g4

sy dlie

AARATANFRRRHY R T
VYoV 1y g,
ARAIATVR S vl I R

o jlgads’

Sentinel-5P

{03) .l

o sa Yl

N

5 (802) 555 wusl &
CONMY

ANO2) (55,2 38T 53
(CH4) ;o

{CO) (28 3pmS g350

el O i 0 )lanle 1 ookl b )l g9y 3 g9 canYl Oial g (o (V) 2o ( SUsS gl g tlll 7o) (gdialy sy { S ¢)lgnel liw!
https://doi.org/10.61186/jsaeh.11.3.3 Xt-Y\ (¥) \\ ¢ oo ol blso  las

©NoS

BY NC ulf,\.uuy ©

soiled oy 1yt



https://www.sid.ir/search/paper/%D8%A2%D9%84%D9%88%D8%AF%DA%AF%DB%8C%20%D9%87%D9%88%D8%A7%20/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

1Fe1 Y oylaids )) 0,90 o Aamo Ol pblio (o las el Yy

40di0
Ol 4 g g o Sl Jseme sob 4 il | B 45l @b 5 15 5l (o onmg (Sanl byle Jolis Isa  Sol
3,565 181 (63 (NO2) 5955 2081 (63 wlo (555 (slmory VT Jolis lnosio VT ol g o 0dnel (5)kae (sl 02
S e g At (ylogSue VIO ) oS 5la) PM2.5 g (09,80 Vo ) oS 5ad) PM10 ) 4 (03) 5l (SO2)
152 gllasl CudS g g (Sogll (VoYY (ySam 5 g2 ghgalol) 3,00 525 b oa VTl sl o5 (o Wil o
Pl (sl s &2 ] g (Bgpe (ol g (S sl (Silom ol Jale g )08 (oo 18T e oy sl ol
il el S o 1y Tsm 5 39290 slooan VT Clale pglie oo 4y Isn S )08 Sl ol cusl ol
Thes) WS Aitas 1) g 53 39290 gooan YT Sl 695 plas aiilyi sod g sl iy ol ()MeSS it Sguome Slass
3 S lgn (Sagl Gty (VoYY o] an 5 TCSl) w8 e ylsdn |y Yl b o515 b lados plosl (Y-VY (S
0l b yS 8 g 2)90 oS g o jped M )3 g (sl 0a¥T oo g (k) b & el ()98 Clegidge
ogde S o Jrad o cdgd 5 b (gl ped 4 1y (o0l sla A () sla ol 1 (o)l (551055 g i ¢ Jl>
2 el Gloj g Gl JStie S cpl oS> Sle 4l i Jb 3 G gloj g ol 0 gn (Sagll il
) W3 b [ Vb (e g Sloj zody & Mt lgn CudS plojen Oyl sl (o8 JU> 4 ol o
ol (3900 Ip CadeS )l sl 0ad o JSitie S5 @ lga (Sogll &5 ol (VY (Sen 5 (03,280
o ol pl (YoVY o) )Kan o T opsSS) sl anily aeldl SYob e (gl b ojllss calisio (oo balyd cud (glp
) e SNl a3l o LT () Gupotind s g 385 ole pobo 4 k¢ g oS e S el ()
2 585 8 by Sl a4 gl Sy Sllidl S wald lee (Sl S8 g Ie cunS it lallls
asols (¢l ddlaio )5 oo (ola oa VT clale o lgn cutsS aS 39 plxl Sygo 1 W5 oo 3,81 ) loa (ola 0a YT (5 yae
e eolae Sloj 5 S8 (B L e oS Caodily plaie il (glaodls baysiS den (Jb cnl b A8l ond sl
L bl ;0 Iga (olo oan VT clale e 4 5l a5 sy o lis opl )05 1) poye 3l clablne g laia (b3l (6,13,
VXY o)y 90 0y9m) 355 g9 W)l 1) Liol (gl oaly a8 olayguS

Slga loorn T (3055 sl 028 lodsal ()l & Vb Sloj g S Ly L loylgale 90 oly 51 Shoxiw ()5l
O)las b iblie )3 ohagr onj ol slaygiile Sl oxile Bl SIS (3)S » sl (el 9 sl 0ad o (oo
By loy 1) ue SleMbl sl o o)lomle (i o) Slialiie (VoYY o), Se2 7 1558) ol odly i ouiSTy,
(VoYY ohan 5 YsSiglll) cul Jlsds e slooaly gyglaer o bl alex | S spslaen ler g
2 19SS Sl 25l sl polie jsb 4 Bgd e 2Lk Sloslgale (slajguiin Bo)b 145 s> slaos VT slaosls
slp sl ojlgale o (655 o3Il I oolial &y g9y adlllae cpiz LgyS (65 aon Job )3 W o3litul 9> (b
L 1o CoheS (VoYY (olan 5 aSg)) 20,8 Glea sl > ilie GbLe I gl 13 I9p CutS Slpt b))
olSad 5 *yaln) 3950 (550l Ign 3 CO g CHAO3:SO2NO2PM 10:PM 2.5 s Ignr cilisea slnos, V]

- Adebayo-Ojo
- Niepsch

- Zhang

- Nguyen

- Hon

- Cooper

- lalongo

- Rudke

? - Halder

[

® N wv e


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

v QLsS Qb csialy (puwgs gl | & Liciiw o,/p0lo jl osliiwl b ylil 55 0 532 st ¥T il 5 ooy

33 oslizl 3590 Toa  Sogll il (ol siedy)l piSols Hlpl SO plgied dixailys 90 5 omuw (slmedl j),.o’l (VeYY
Oibg S 3 Ip CudsS sla el (o)l padi 5 (2b3l 55 Wlgs oo 1) ST Colos (BN S waenad Sl Al e 9 8555
b uilil by 450 Jitiw o)lsmlo.tisd 4,5 ) 4 (Salid lidie g plaie Sloj Jolgd )3 lojaty 5 Sitpgioms
0395 2eaS1 (63 {CO) (08 S gige (CHA) plio dlon 5l (g5 sl 0auYT 5l YU 2909 L (5 5las Sentinel-5P
3 ogMe (YoVY () Kon g ) 1S o w2y 1) (Al Juog 3l (sl 005 Y1(SO2) 3,565 1T 63 (O3) ;1 (NO2)
axle Bly (S5 slacusdse ) daste slorn¥T b ol cusl dilie paz Jold lgn coiS & gl 5l
on b b oan ¥l s gl coplply amd o &) 0au YTt die 53 lon claosu¥VT oM pde ogill @l il g o
(VVY cohlSen 5 (5593) 298 ()

03T CG b 35 yauaned] capsdly 53 ol oiyly  Jitus 150 ST y2 a8 wlowd 5 ete 0, deuS gige g jl 2,565 duaaS]
) il (slo 0101 1 (gl oz oS 5 oy > Jlo g g ilise sla loj )3 aly 5 aSly 9 o3 rlge g
2ol il o8l sl sy osle o o yme 2 b WS o yE oas VT 5 bgle (o yme 50 st 3l o 13 0,5 0
2 Solite olyl g (Al gla oYl YL cdale (YA o)) Ko 4 YOL&’) Wb Golate Hluws Llgi o bl oMo
Sy8 g oz bulyd cpl 4 pomie Wlgy o a8 ool 1YY o)) Ken g T Ike) 3l o bame g L] oMo
2 g & &S drwg b 3 (olayguiS (D 0hg 4 g CueS b g Canl wro 0oV s (glon (Sl om0 > 8T
L |9.¢b CuisS ol ly c|9.¢b 3 L;Lm.\;.;.\ﬂ o g 450 ] @.;J) > o..\;%\./] 5l baltte i (6 dnwgl b
2 lon cuaS wije ololis ol Blgy o lgn  S5gll o) (sla 03l 3yl L5 65V o) g S gy (slmodly
oJ);’.wf Q)Uéj aiely YL L;,La_e ) LSL"’L;}:’.ﬁ d‘)b d“’)‘?“’l’” 390 cl) )‘ oS uu.»b L5)9hé 5L cuolo )ﬁ...f C“a'“’
@ ol ) s ol sleelSiug 3:08 Wl o o Cunl glom g O Lyld den > ABly loj Caa Vb ik
Do o odlil Ign slews cbale g lgn (cla oaoYT Lol gy olanle p e yed 3 Lo sla o3y I oyl plo S
JIs 4 S5 olde ) lgm 00Vl (645 o5lul .ol 5 (gygp arme Cann; SISl oLyl sl len 0an YT (605 o5l
L e Jalge g lojm e oSy c3uid ol 3 (VY (liSen 5 Tla) el Gl s )iy e
0 Jiiiw | gl oylgale cleMbl g oald sl Jbloo « YeVY U YN sl Jlo oo ) olpl (o) » (grwsgy o oYl
(03) 5 ANO2) (555,55 10051 (53 {CO) (15 20 igm {CHA) i g 1yl ) sl el 93,5 (sp
o3lil Sentinel-5P oylgalo gy » odd cuns TROPOMI Ko claodly (Al) Juwgyl 5 (SO2) 3,555 suuS] (o
s ldllas Lo bawgs ol w6 050 dSL] (S ] Sglate Slalllas plo b adlles (pl (o opl 33 o235
Iy bl oao T s« oppizmon 3> L3 VoYY B YV Jlo 5l 1) o oso VT @l i 159y adllae ol a5 Jls 3 ol oligS
@ aik Lol 0T G35 (e 5> (i gp i g Sl 0sd oy g adllas (Gl )525) (5)9S olie 5
dy90 sla olo dad SleMbl g W 03y 3L ez Jdd 4 plyp 0gMe cCunl onds pldil HIS pl 10 &S s 0315 ploul o
o3V ailale cdale 5l ymmgh ol 3 (1o o3y woes ialS \blu) Cal odd wyp g OS] diged lgins (595 olocanlllas
) A5 ookl Sentinel-5P e)meo ol )l °-\*:3L5)91é‘°~? )""““‘“‘

R 3 (b g
1~ Wang
- Han
3 - Mandal
* - Halder


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

VP10 ylowis o) 0,99 ( axo ol pblio oy lad Sl Yf

aadllan 8 590 SIS si> g 0l .

230 BYD (slodye o 45 1S (ysden VP o5 Colns L aibiojgls 350 5 Lol o8 5 adly el (5585 )
s Aoy g s (Slon o T gy ot Bos )5S (clgp 5 Sl 48,5 )15 (5,5 45,3 FF B FF Job 5 Jlad
(V) IS8 28l (oo St das oo ) 5yl g o ST (sl 058 4l g

30°010"N

Iran
[ ] Location of the study

B =
— _Kilom étiﬂ

150 300 600 900

25°C/0"N

25°000"'N

)IS JS) 9 Wwosld .Y

S ol dlge 355 o sloged 3 aged S 3 ofzg 4 Igp (391 b st Jlo 55 (slnygiS (sl 25 ol
opl a5l o Sentinel-5 olsale ojlsnle ysles lsn S5l o sVl sy 5 Linl s 53 1 ojlsnle 305 (o8 ]
Loyl bl sl ojlgaloe I gy (peaty & Jeittior o)lgale pglai ol Lid (gla otz (35 3,) 5l (S oot
5.5 15 s e 3 5 (b i 52 2 1V SlaglS calises CAIE Sl (s Solal ol ham L oS 031 o
il AL o 3sy Y BV Loy S s el 45 sl e 6y VIV e SSB ls ()b olsale el
ucs (TROPOMI) yiwssys s sSas 5l o0liol b lsn mge ol 0dig¥T lojm Ko ok ol oy B by aslllas ()
o cins oyl a3l o olpl go, » GoOgle Earth Engine (GEE) p,6 <, ¢ Sentinel-5P o)lgale (co, y ot
selod BV R 45305 51 jawgyg 5 oaa Wl clale pyglias ailale (1S0ke Jlowi g o 9 (2310 i sl GEE 3
od VT Sloj— Sl &lyuis GEE pyd s 5l odlatnl b s 05 odlitl (8 it jglas cleMbl yzils cda) Yo YY
Sentinel o)lsale ,3) TROPOMI 3l G lawgs lanl o dslllas (gly oolitwl 5yg0 (glaodldesd; e olpl jo 1 lon
5555 28 (5 03) 5 ANO2) (55,20 35 53 CO) (305 23S sign {CHA) o (slncs Soslal aes 51 (5P
Google Earth Engine «pl »  sie pyah j odlitel b la g puSoslul bgd o (6ylaen (Al) Jws sl ja3ls 4 (SO2)
2 090l wgs aby b 5l edlitul b se] sy S o L)) maiane S5 g 43505 (gl 1) A prdaw (slaodls o
{CO) 1315 douS g5 (CHA) ko clo 0¥ sl &y bgypo ciliseo ¥ gao Jlgslyb 4y o8l GEE asliy Lagses
B o5 035> g 13 0 it olyalo ushas 31 ol (S02) 3,555 10u81 (55 (03) il (NO2) (55,5 e (53
Sl e Al s 03,5 ol gex (slo oau YT Ll can ol K6 Lelide s (Y-VY-YNR) 3] L
Sentinel-5P Jgase I o 3 a5 addlae ol 5> cd)3 51,8 Jdos 3590 Arc map L8l pp 0 b oanVl clale
La,l3g05 53 ¢ 15 gl 5l Sentinel 5P (el o3ls 31 lgn (ol o1y ¥T claké 3:Slo sl 15 03lizsl TROPOMI NRTI
Google Earth ) @)l 555 ;950 3uyb 5l &5 aw gaw pawad oY dlasd jl o imgh cpl )0 wmdh ol b asds 4

ol o odlawl WLl sus Jlg31,8 (ENgine


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

Yo QLsS Qb csialy (fuwgs gl | Liciiw o,lp0lo jl osliiwl b oIyl 55 0 532 s YT sl 5 oy po

g sbadl

Sentinel-5P o 4l galo dawgi ot (U 3U (CO) (3 35 S g3 g0 slr0S1S .Y

35 el 3l Cangj lazme (Sl 33 (00bj 1l & conl wpe 23y SIS S s (4 (CO) (S A sige
(Y7 gl ) ol 55 0l il 5l aiaie (g S 3,8 (2 5532 olin > CO sl ol

@l 55 (CO) )8 duuSsigo (clathaio Cale 10565 el LBl Jlo )3 S S gige e & 125 oo U5 ol
(¥ JS3) a3 o s LEalS YN s &y nd Y-YF B Y Y el JLo

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0'0"E  45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0'0"E
Sentinel-5P NRTI CO:CO_column_nu maerillenslly
(June 2019
&z &
L g =4
£ 3 e
@ @
oz &
S & =
12 £ g
Bl ]
[ Jo.ozo1-0.03 [ Jo.0z01-0.03
[ 0.0301 - 0.04 [ 0.0301 - 0.04
B 0.0401 - 0.05 I 0.0401 - 0.05
I o0.0501 - 0.06 I o.0501 - 0.06
2| I 0.0601 - 0.07 % Z | I 0.0601 - 0.07 %
g B g H=_Border s
4 Iz % Iz
65°0"0"E
45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0"0"E
g £ z
3 e =
78 7 =
E - Z
i g 2
E = g femm =
[ Jo.0201-0.03 o ~
[ 0.0301 - 0.04 E ::3::1 - ::[D:
I 0.0401 - 0.05 B o.0401 - 0.05
o B 0.0501 - 0.06 v I 0.0501 - 0.06 .
£ | o.0601 - 0.07 o e iz oM oo 4 2z |- o.0001 - 0.07 &
ZH—Boraer “ 5 EH_peraer £
% Iz & B
45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0'0"
Sentin el-5P NRTI CO:COicolumninllmaeritlenslty Co(mollm/\z) y= -0.0004x + 0.029
{June 2023 R?=0.6502
0.03500
0.03000
&
2 0.02500
“ 0.02000
0.01500
0.01000
&
=
1 0.00500
£
0.00000
e June 2019 June 2020 June 2021 June 2022 June 2023
I 0.0401 - 0.05
N I o.0501 - 0.06 >
g [ o007 S| mmmm Mean: mmmmm Standard Deviation: Linear (Mean:)
i =

YoYU Y 0995 Sl omej w33 (CO) (30,5 puS gige Clale aildlo (pSilue (glalluin ClAE 29395.Y JSWS


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

JEF o o los o) 0,50 o larmo Hlpblio o lds Sudni Y#

Sentinel-5P 6 ;1 ghlo dawgi oub (3 31 (NO2) 39y S| (50 sosts .Y

loo (S5l 53 oo G5 32y 3 5 ol Mg Sl Gt plsie 4 g adsl ea YT S lsie 4 (NO2) (59,25 40T (60
st NO20Jg5 alsl wlie 3y g de) 50055 Cannj ljam ¢ houwd (la Clguw Bpuan VTV () )Kan 5 558 o)l
ol Gglate (S0 ddlaio & (gl ddlaie JINO2 clale x5 &5 o Jb cpl b (Y2 -0
ils Loy ol bo ey o LS |y uiulidl gy 58] ledlo (o jo (YeYY=Y+NQ) 595 (slo jldges g b s g puls

4 amd o i Colpo a4 SIS cpl (o205 saalie Pg5 (sla olo jd VVY L YN clodlu I ) clale (iolidl

(Y JS8) Canl )38l by (03005 B 50 AT (00 clale lude

“Q'0"E

55°0'0"E 607

oE . [Fs=g0°E S0°G0"E 55°00°E 60°00°E
!

-5P NRTI NO2 : NO2_column_number,

2019 06

| density -SP NRTI NO2 : NO2_column_number|den si't}j

-

Nitrdgen Dioxide
m ol/m A2

Y

itrdgen Dioxide
[nit:mol/m*2

—__]<o0.00006

0.0000601 - 001

0.000501 - 0.001
0.00101 - 0.003
0.00301 - 0.006

0.000101 - 0.0005 |

Kilom eters

0.0000601 — 020001
0.000101 - 0.0005 |
0.000501 - 0.001
0.00101 - 0.003
0.00301 - 0.006

Kilom eters
——

—— ——
NoData 100 500 200 500 800 [INoData g 200 500 400 500 800

1 £

o E OO0 E SSU0E GO0 E OE SO7Q0"E 55°90"E L N

e o SP R RTI N O N7 s s b d e AN sentinel-SP NRTI NO2 : NO2_column_number| density o o @

2021_ 06

AR

2022_ 06

Gk

Nitrdgen Dioxide
Dnit{mol/m ~2

0.0000601 - 001

0.000501 - 0.001

0.000101 - 0.0005 |

£y

itrdgen Dioxide
Tmit{mol/m ~2

% E -
| 0.0000601 - 020001 k%/-i

0.000101 - 0.0005 |
0.000501 - 0.001

0.00101 - 0.003 - 0.00101 - 0.003
0.00301 - 0.006 Kilom eters 0.00301 - 0.006 Kilometers "
NoData oo bog o0 T . NoData g 00 200 400 500 S
| S < N
#5: '0"E 50°0'0"E 55°00"E 60°00"E e NOZ (mOl/m’\Z)
L~ -5P NRTI NO2 : NO2_column_number|density = y = 7E-07x + 8E-05
"""""""""" R?=0.1334
0.0001
i -~ 0.00008
0.00006
j/u 0.00004
. - 0.00002
S ™.
{— 0
S Sy — June June June June June
0.000101 - 0.0005 | 2019 2020 2021 2022 2023
0.000501 - 0.001
0.00101 - 0.003
0.00301 - 0.006 o )
NoData i wem— w— I Mean: mmmmE Standard Deviation: Linear (Mean:)
1

- Cooper
2 - Boersma
3 - Heue



http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

Yv QLsS Qb csialy (puwgs gl | & Liciiw o,/p0lo jl osliiwl b ylil 55 0 532 st ¥T il 5 ooy

YoYY U YR o995 sledle &l oo g 13 (NO2) (59 i ST (63 Clalé ailalo (1aSilue (o) dlbio g 595 I JSUWS

Sentinel-5P o ylgdlo tawgi v (3 3L (O3) o3 osts .V
I3 I bS5 9 (NOX) 055y st siile o (slojlo Gl 9 368505 558 s> 53 45T Conl 4y 0y VT S, O3
Slr e e 3 il S5 Gloj g S iyt S0 VoV (e 5 T Siw) 398 (oo JSi5 (VOCs)
b oM sl sl (S0 08 (0 puiS &S (2lsm )3 (OB) 3l Y-V ylSam 5 "33b) ol oge Sl g0 2lS
O3l 5 polie (> 290 S35 (SUils gl 4 Sl oo il aw &5 b9y 9 £)5 slajgy 2 pegad 4 Al paa
(VXY e ohon 5 T35S ) 2l pde (oM sl Wl (0

(o Ol 4 SIS cplans (oo L 1y (ol 3T ledleo (o 5> (VVT=YNR) (395 sl jlaged g o 4l o il
sdalino Pe5 VYV U VYY) Jlo 5l ) clale yiolidl punw (ials 09, Tl bo o caol il Jbs jn 45l jlade oS ad
a3 g0 Ui 1) ] 25, YoV e Jls & Cand VYT B YNY (elo Sl (sl 55 (03) () gleilaie 555 coniomamess S
(F JS8) WS (o Cans (ol o8 1 clale s

- Singh
2-Tao
3 - Chakrabortty


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

1EF oV o laii i) 0,90 o awmo Ol pblo o lad Ll YA

45°0'0"E ar o 65°0'0"E

45°0'0"E 0°0'0"E °Q'0"E 60°0'0"E 65°0'0"E

_ @ z

E

g g =t S

E s 4 e
o o

] =
5 % = =
3 j = 5 e
Z[ e =
2| vt : mot/m ~2 z B g

[ | 0.126 - 0.13
[ 0.131 - 014
B 0141 - 05
[}

0.151 - 0.0
B o161 007

5 [ =
'g [ Border 2 ;g | [ Boraer ;
i Iz = &
4. 200"

0"E 0"E

4570'0"E, S5070'0"E. S520'0"E G000 6520

i &
g £ g S
= = >
2 a9 e
= g &
g 2 g £
= = Ozone
2 s T 2| val mevem s E

[ Joi126-013 [ Jo12s-013

[ 0.131 - 014 0131 - 014

I 0.141 - 0as B 0.141 - 015

B 0.151 016 B 0151 016
Z | M. o6 - 007 o 7e 1o s Zasb aoo & | EEM o.161-0a7 é

rder b == <
] M -4 e Ef T mean £
& s = =
45°0'0"E 5020'0"E.... 55°0'0"E 60°0'0"E 6520'0"E,

S-nrlnll{!l’ NRTIO3 : O3 _coluthin_number_densi

R2=0.0643

. e 12| 01000
‘ 0.0500
Unit : mol/m 2 h ) 0.0000

[l=o012s

0O3(mol/m~2) y =0.0003x + 0.1271
.15

35000
300N

3050'0"N
30°00"N

I June 2019 June 2020 June 2021 June 2022 June 2023
B 0141 0.5
B 0151 016
| - £ | mmmmm Mean: mmmmm Standard Deviation: Linear (Mean:)
al =

¥ o 1yt Yo VAT oYY Lclelus Job 5 O3 ais¥1 ailblo cyesilin ol 5903 g s3bidd &g 309 i £ JSub

Sentinel-5P o yfgalo dawgs ow (U 3b (SO2) 8 35 o5 w1 50 sroots .F

YU s (sl il 5 Lol 35 s g comly sl ke 3 48 ol T i g (oo 455 o 15 S0 5,565 2] (03
a3 )b pludl i g il o (blre clalis g9y p oS Ko 3l cul )l (egdasl 9 A5 o
g lad (lacsgw 5 38 mlo il 1 SO2 5 (YYY (oKen 5 M15SUss) A8 o 5y gle plalS jiwgd
3 B 5 g sl aome o) SUyks 01T Sy (SO2) 5,558 1] 60 (ToVF coylSad 5 Vlall) 29550
s gw 3l Ganes] SO2 Slusl Lol guie blo p ol oudis olKiwd g g5 oiis 4 Bl o do oligS 5 yme
xSin il 3358 S (VYT TS Sl 5 018) ol Loy 335515 i Sl el Ly
@55 wonl » ol mde ol gl 3 VoY B YA Jlo 1y 3,565 28T (63 515 (cg5 sl ola) lale cdalé
D JSi5) am3 e ol |y idlS Nigy Yo¥+ Lo ) Camad YYY B Y+VY (claJlo (sl 505 SO2 calé glaaie

! - Culkova
- Taha
3 - Karim & Rappengliick


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

Y4 QLsS Qb csialy (fuwgs gl | Liciiw o,lp0lo jl osliiwl b oIyl 55 0 532 s YT sl 5 oy po

50°0°0"E 55 E 60°0°0"E 65°0'0"E
NRIJ SO2 ¢ SOzicqumn\_numbrr_dmnny

” 55 E 50
SO ¢ SOzicqumn\_numbrr_dmnny

June 2019 June 2020

0N

300N
0N

300N

309N
N

3090

309N

309

10,01 - 0.00005
10.000051 - 0.0001
W0.00011 - 0.0005
000051 - 0.001
=—0.0011 - 0.005
"=0.0051-0.01
-0011-0.03
[1No Data

& 0N

4P00"N 590N
> 00N

55°0°0"E
Sentinel SP NRTJ 502 : SO2_column|_number_dcnsity.

o
K
2
L1

E 50°0'0"E 55
Sentinel 5P NRT? SO2 : SO2_columu|

00N 3590N

orE 60°0"
\»nnm Der_density \

June 2021

300N
z
300N

3509°N
300N

[Sulphur Dioxid

E g"' Unit 1/m" 2 'E
L= %
. b £ ol S . o 4
< KT 567 507 commn] wembar ey sl A y = -5E-06x + 1E-04
s June 2023 i SOZ (mOIIm 2) R2=0.398
0.00012000
b 0.00010000
£ {z| 0.00008000
"| 0.00006000
0.00004000
0.00002000
7| |sulphur Dioxid ; 000000000
§§ R E June June June June June
=00t -000005 2019 2020 2021 2022 2023
EEE?;&?S : = Mean: mmmm Standard Deviation:
E|| She B o TR o] e O ~[t| ——Linear (Mean:)

VXY B Y38 g5 sladle glp oo zebanw 53 (SO2) 3,555 apmuST (g5 clilé ailale (pufilke (51 dibaio gy jo5 -0 JSu

Sentinel-5P o yf gdlo dawgi o (U 3 (AI) Ghro 1,3 sdodls .Q
S e (5 (5553 18038 o 535 32 3 U S 9 59 e 45 5 el (6158 55 I 53 a3
0Pl &S altine pf (G2U (59565 5 MR8 S (ST 5 il Bajb ) (e e 3 (Bl b yes BB Ol
5 <S5 i Jugl g5 dgm )3 e SIS gy es L AL (S50 (VoVY ()em 5 ' $K) amd o i |y 1
S o 2l Ty o 5> Blae D oS Timo L 53,5 5390 )b 35 (o S 3 gl g Jug 3l Y el g slite
cimon Al polis Jlo oyl b it iie polia (gl o8], sl gyl &8 o 5 1imd o i |y Al e ypolio
il Jlages g Lo 4 po s bl ki g UjL )3 et 5 YU £lis) (slopl ke (6,505 oloe U5 sl (3Scmn
onlie (535 5 YT B YA Jlo 511y il (a5l s onlS 359, Ll Lo 8] (eledls (b 53 (V- YT=Y1Q) (5
Gladbio x5 ol il agy o595 sla olo ,d Lelwg ! 3 Jlie a8 amy o L Colio 4 KBS pl )

1-Cao


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

1EF oV o laii i) 0,90 o awmo Ol pblo o lad Ll Ye

(5 US5) XS Liai pns ool (658 ) il s 15 oanlie ) gblie 51 5 Al 3 Lamgs L il

45°0'0"E S0°0'0"E 55°0'0"E G0°0'0"E 45°0'0"E 50°0'0"E 55°0'0"E G0°0'0"E
[ [ bing_aeroso dex

[ Sentinel-SP NRTTAER AI: absorbing_aerosol_inde . [ Sentinel-5P NRTI AER Al: absorh
ey . ~ -~ ’
{ P & 2020-06! ] 5;)/ ?‘n,.«-’g 2019-06
~ : -
P e S _ ~ 1Ay g AN
2| RS ST o R Sy t z ' =
‘.== - ?n.-f;‘ g -1 5 . \w % -
e £ \_‘31 =1 B} q 3
i = o o - o -
cn %r)‘;k . o o \g\;‘_{f: =
S |abzorting nerocol index : S [numerting asrasot_siex ¥ -
21 INoData =7 |No Data S8
= < -0.5 F| =05 ‘ B
-0.499 - 0 0499 - 0

[ 0.001 -1 | 0.001 -1 Dy

101 -2 101 -2 3
o (.01 -3 Kilometers - L Z (w201 -3 Kilometers . -
= 301 -4 0 75150 300 450 | 600 = F!,Glf‘t 0 75150 300 450 | 600
= =
s 00" OO 200" uw'

45°0'0"E 50°0'0"E i 55 QO E 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"F

TTAERAT: absor Sentinel-3P NRITAER AT absorbing_aerosol_inde -
2022-06

v N,
S 2021-06
\} ?‘“/ JE |
. N N
.t‘{ ~ ' Y ‘(R

& z
= =
o >
o P

30°00"N

X - [ 0.001 - 1
o1 - - S - i 101 -2
= 01 - Kilometers . | |20 -3
£ e — N iy . £
=4 0 75150 300 450 = -
= =
5 b5
P ks

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
Sentinel-5P NRTI AER AI: absorbing aerosol index

Al y =0.3433x - 0.8803 A
R?=0.5386 3 ]
15
1 z
05 I """"" . 2
o B TS BN |
0 ..
-0.5 June.-+**" ne ne June June
1 2019 2020 2021 2022 2023 z
s Mean: s Standard Deviation: ) -
- & w201 -3 e iiometers
......... Linear (Mean:) g 3.01-4 |u 75150 300 450

YoV U Y o995 sledle &l oo i 13 (Al) Jww sl ad b clils ailalo pSlbe (gl alkuio &9395 .1 JSS
Sentinel-5P o yfgtlo tawgi on (b 3b (CH4) ylio 35 gdosts .F
015 301 53 ) i 1 AinDle B o 2t 0] (535 5 ol 45 ol il 5 o s ol Jle om0
o o (o0 5 S J&j glyzcinl 55 5 e sl cdlad o OV (g5,0liS (Jlo lgie @) Sludl g aub calises
5) el inle)S 42> w8 Ly 53 & cunl (CO2) ()8 40T (63 5l g (GHG) oo (sl LIS 55" (35093 9 353
b (YorY=Y V) sle aiss po i (VoYY S 4 Yu_éb Sao) (ol AbdS o 55 51 sl Gl S JST Y
4 Sl,S cpl i odalie YoVY B YN Jlo 5 1) (dol38l Wgy s o lis |y ols Lgy pudl (o835 sl olo) sl

! - Chadwick
2 - McDuffie


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

¥y QLsS Qb csialy (fuwgs gl | Liciiw o,lp0lo jl osliiwl b oIyl 55 0 532 s YT sl 5 oy po

VoYY B Y-V ol el 35 (CHA) oo clailaie gjsf wcal Lialdl Jlo 55 i ke a5 s Lo b5 colpo

Sl able 51 5 CHA 15 ans BB Ll ol 5 ogdle ol olis |y o oaljil Wg) YO Lo 4y o
¥ JS3) 5 oamlie

Offline Methane
Unit : mol/mol
N <1860
[ 1861 - 1890
11891 - 1920

'x\a
Kilometers ~

50100 200 300 400

Kilometers ~
50100 200 300 400

o E so-oloe sse ol oE socolove et oo
Sentinel-3P OFFL CH4{ i Sentinel-5P OFFL CH4{ i
colum g ayeraged dry sif|mixing ratio of m ethane celump ayeraged dry aidmixing ratio of m ethane

= 1860
1861 - 1890
71801 - 1920
1921 - 1950
. 1951 - 2000
2001 - 2100
__[INoDam

. = 1860
[ 1861 - 1880
[711801 - 1020
[711921 - 1950
[ 1951 - 2000
2001 - 2100

Kilometers
50100 200 300 400

Unit : moVmol
1Mo Data
I < 1860
I 1561 1590
[ 1891 - 1920 Pt
1921 -1950 Kilometers *
e ——

[ 1951 - 2000 -
2001 2100 |0 50100 200 300 400

YorY U Yedd 095 sldle 15 omoj b 53 (CHA) lie clilé ailalo (1Sbo (gl dibiin 9397 Y JSW5

U olgiia g (5 o5 a0
sl oals epglaie pl 4 0 plogl O = it o)lgale (sl 03l jl oalitl L ]l )9S slga (Sagll Gl pols Limgh 5
bosn¥l clwss ¢ <85 L3 siby 5y google earth engine (cpl ke > 593 o)lsale
S 8wy )50 VoVY puolud Yo BV N gl5 Jol Sloj o3l 3 ol 45 (CO 4 SO2,CHANO2:O3¢Al)

S o slog) GEE p 6 ¢y 9 SeNtinel-5p «KaS' L 1y ol 5928 55 lam 00y VT dlos gty (6565 o511 S5 allas ()
GEE b ey jl caul 0 odlitl il ond Jlsdly GEE )b j1 45 aw paw ygd oYU 31 5 e simgln ol
5 050 sglaie 4y 0 odlitul gy 5 g oAVl (gt ke gl wlale (Sike Jilowi 5 i 9 (3o Gl sl
A5 oolizel (CO 5 SO2,CHANO2O3AN lga oa¥l s clale able 1Sle j1 b oY Gg, Jboo


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

VP10 ylowis o) 0,99 ( axo ol pblio oy lad Sl Yy

SLES YoV B YN 505 ol (gl 1) aoao VT den ailale clale ke (gladhio mje (V6 Y) ol JSKb ooplplo
oL g oS bl &5 Sl S o Joo VYT =V gl Lo adllas (gl x50 050 SO laie 4 ole oyl a2 0
G} s el &S ol o Adgi oyl Bblie ST ol s dlale K31 gh o pals e pdaw > b oY
595 sl oyl b oau VT cpl cdale 5 1) aagr b Colis dilale (olaylsges WS o o]y Ign cutsS 1) oai Y
el 5 o eanYT i dlale clale 1 Sle dr dag bodmd o L5 YN 565 b dualia [0« VYV YYY YV Y-V
5B bl a5 s yasuiie ¢ 3uis pl ol bl p 53,8 a5 1y b 0an YT dilale el s lascs ¥+ YY 5 YN Lo )
|y oo Jad g Sl Slpusi b oau¥T ) a5 a0 LS golsasl ausls VoYY B YoVY g5 slo oo (b )
St S5 Sy e Kz 5 S Sl jaed 13 ofaga 98 (Jlad oo o lgn (5o (IS psbo 4y i o 5
YoVY B YA o505 b olo p3 ol j9uiS )3 lon a1 i prdaw 4398 a5 Al iy ¢ pols anlllae ,d wanl g
Uil (Ve hlen 5 y8) A8 o Cund ol oSl b eV clale @l puioren ol Sglite g o
Lld a1y Iga oy 5 039l olpas cdalllae 3y90 Jlo 53 48 smd o L5 0= Jistiw o)lgnle (ol yguns dliwgy 48,5 & jgu0
Olaass b oS cul atil (L 5 3)5) Bleo @l)d 95,555 ST (6 (59505 dewST (63 (1) MwS g0 (slj5 £ g0mo
Iy ooly 5 (o0l pos sl jol8 GEE wilolus i asedio pizren (V) ey San g (60L8) o)l  Slotren di8)S ©)jg0
(VYA 5oyl l5aeme) w8 5515, YU €dd b Swl jlws oloj

2 b &S cwl goe JB olas cla @l gl oyl ;3 (CO 9 SO2,CHANO2:03AI) lga (cla oauY
e wlS g b codgue dllie ] 45 pusass ol5T ols High 48,3 Jlas > b Sogll b ablie (gl ST sla 65y asbip
2,5 0 lsl (gl o,lgmle b 00t YT gluas e SV gb jlol sl )lg5 co Wncudgiome oyl dloseio o3yl
SN oo

aled] dan 20l 3590 £audge 9 Blodges Cule,y ale Limgh ol Ll g plol 1 1y (IMS] Jgol B st s
W 5 i

Aisly o8 )l bnosls o g imgd (9135 ang daodls (gyglaes 10 Bhiun g den
&lo P,

D)8 xdle o)l dlie oyl Bl s Hlbl L
b o>

Gl 00 plul Jbo coles oy pols dlis
S5 Pl

290 )l Sl le g (LBl byl il LI 4 p e gl ]
&b
wilolw UI)J"‘ P |93b Lthbb..\uY] ‘_nguylg Lg)Lu)L.MJ 20 M d] b)]}lbl.a )Jghw .!):.)ls (\\c") ‘LJ‘)"’K ot L 9 “9»» ‘L?")’C

MYANYY (VW ale by

183)90 AJJUa.o) 0= Jiwtiuw o)lgnle polas 3l oolitwl b Ign 6539]] ol .(\\‘~\) Ly pol (63150 5§ o (8 e £ pmoldomo ¢(gOUB
https://doi.org/10.52547/envs.2022.1026 QA=A (V)V+ o oo pole dolilas .l ) ixio S5 (sl o

ool @)l S5 wilolw b p ¥ gV Jiiiw (6l olomle polias j odliinl b oo (ool (ololids ((MYAQ) tamg ¢ 5g,l dldexe
https://sid.ir/paper/1063348/fa 5y -5\ (YA « ot (i) doliy (cldlis slo ingss (GEE)


http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

v QLsS Qb csialy (puwgs gl | & Liciiw o,/p0lo jl osliiwl b ylil 55 0 532 st ¥T il 5 ooy

References

Adebayo-Ojo, T. C., Wichmann, J., Arowosegbe, O. O., Probst-Hensch, N., Schindler, C., & Kiinzli,
N. (2022). Short-Term Effects of PM10, NO2, SO2 and O3 on Cardio-Respiratory Mortality in
Cape Town, South Africa, 2006-2015. International journal of environmental research and public
health, 19(13), 8078. https://doi.org/10.3390/ijerph19138078

Boersma, K. F., Eskes, H. J., & Brinksma, E. J. (2004). Error analysis for tropospheric NO2 retrieval
from space. Journal of Geophysical Research: Atmospheres, 109(D4).

Cao, Z., Luan, K., Zhou, P., Shen, W., Wang, Z., Zhu, W., Qiu, Z., & Wang, J. (2023). Evaluation and
Comparison of Multi-Satellite Aerosol Optical Depth Products over East Asia Ocean. Toxics,
11(10), 813. https://doi.org/10.3390/toxics11100813.

Chadwick, G. L., Joiner, A. M. N., Ramesh, S., Mitchell, D. A., & Nayak, D. D. (2023). McrD binds
asymmetrically to methyl-coenzyme M reductase improving active-site accessibility during
assembly. Proceedings of the National Academy of Sciences of the United States of America,
120(25), 2302815120. https://doi.org/10.1073/pnas.2302815120.

Chakrabortty, R., Pal, S. C., Ghosh, M., Arabameri, A., Saha, A., Roy, P., Pradhan, B., Mondal, A.,
Ngo, P. T. T., Chowdhuri, 1., Yunus, A. P., Sahana, M., Malik, S., & Das, B. (2023). Weather
indicators and improving air quality in association with COVID-19 pandemic in India. Soft
computing, 27(6), 3367-3388. https://doi.org/10.1073/pnas.2302815120.

Cooper, M. J., Martin, R. V., Hammer, M. S., Levelt, P. F., Veefkind, P., Lamsal, L. N., ... &
McLinden, C. A. (2022). Global fine-scale changes in ambient NO2 during COVID-19
lockdowns. Nature, 601(7893), 380-387.

Culkova, E., Lukadova-Chomistekova, Z., Bellova, R., Rievaj, M., Svancarova-Lastincova, J., &
Tom¢ik, P. (2023). An Interference-Free Voltammetric Method for the Detection of Sulfur
Dioxide in Wine Based on a Boron-Doped Diamond Electrode and Reaction Electrochemistry.
International journal of molecular sciences, 24(16), 12875.
https://doi.org/10.3390/ijms241612875.

Halder, B., Ahmadianfar, I., Heddam, S., Mussa, Z. H., Goliatt, L., Tan, M. L., Sa'adi, Z., Al-Khafaji,
Z., Al-Ansari, N., Jawad, A. H., & Yaseen, Z. M. (2023). Machine learning-based country-level
annual air pollutants exploration using Sentinel-5P and Google Earth Engine. Scientific reports,
13(1), 7968. https://doi.org/10.1038/s41598-023-34774-23

Han, L., Zhou, W., Pickett, S. T., Li, W., & Qian, Y. (2018). Multicontaminant air pollution in
Chinese cities. Bulletin of the World Health Organization, 96(4), 233-242E.
https://doi.org/10.2471/BLT.17.195560

Hassaan, M. A., Abdallah, S. M., Shalaby, E. A., & Ibrahim, A. A. (2023). Assessing vulnerability of
densely populated areas to air pollution using Sentinel-5P imageries: a case study of the Nile
Delta, Egypt. Scientific reports, 13(1), 17406. https://doi.org/10.1038/s41598-023-44186-36.

Heue, K. P., Richter, A., Bruns, M., Burrows, J. P., Platt, U., Pundt, I., & Wagner, T. (2005).
Validation of SCIAMACHY tropospheric NO 2-columns with AMAXDOAS measurements.
Atmospheric Chemistry and Physics, 5(4), 1039-1051.

Hong, W. Y., Koh, D., & Yu, L. E. (2022). Development and Evaluation of Statistical Models Based
on Machine Learning Techniques for Estimating Particulate Matter (PM2.5 and PM10)
Concentrations. International journal of environmental research and public health, 19(13), 7728.
https://doi.org/10.3390/ijerph19137728

Hosseini, V., & Shahbazi, H. (2016). Urban air pollution in Iran. Iranian Studies, 49(6), 1029-1046.

lalongo, 1., Bun, R., Hakkarainen, J., Virta, H., & Oda, T. (2023). Satellites capture socioeconomic
disruptions during the 2022 full-scale war in Ukraine. Scientific reports, 13(1), 14954.
https://doi.org/10.1038/s41598-023-42118-w.

Karim, 1., & Rappengliick, B. (2023). Impact of Covid-19 lockdown regulations on PM2.5 and trace
gases (NO2, SO2, CH4, HCHO, C2H202 and 0O3) over Lahore, Pakistan. Atmospheric
environment (Oxford, England: 1994), 303, 119746.
https://doi.org/10.1016/j.atmosenv.2023.119746.


https://doi.org/10.1007/s40572-019-00248-2
https://doi.org/10.1007/s40572-019-00248-2
https://doi.org/10.1007/s40572-019-00248-2
https://doi.org/10.1007/s40572-019-00248-2
http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-14 ]

[ DOR: 20.1001.1.24237892.1403.11.3.2.6 ]

[ DOI: 10.61186/jsaeh.11.3.3]

VP10 ylowis o) 0,99 ( axo ol pblio oy lad Sl Y¥

Mandal, J., Samanta, S., Chanda, A., & Halder, S. (2021). Effects of COVID-19 pandemic on the air
guality of three megacities in India. Atmospheric research, 259, 105659.
https://doi.org/10.1016/j.atmosres.2021.105659

McDuffie, E. E., Sarofim, M. C., Raich, W., Jackson, M., Roman, H., Seltzer, K., Henderson, B. H.,
Shindell, D. T., Collins, M., Anderton, J., Barr, S., & Fann, N. (2023). The Social Cost of Ozone-
Related Mortality Impacts From Methane Emissions. Earth's  future, 11(9),
10.1029/2023ef003853. https://doi.org/10.1029/2023ef003853.

Nguyen, T. P. M., Bui, T. H., Nguyen, M. K., Nguyen, T. H., Vu, V. T., & Pham, H. L. (2021). Impact
of COVID-19 partial lockdown on PM 2.5, SO 2, NO 2, O 3, and trace elements in PM 2.5 in
Hanoi, Vietnam. Environmental Science and Pollution Research, 1-11.

Niepsch, D., Clarke, L. J., Newton, J., Tzoulas, K., & Cavan, G. (2023). High spatial resolution
assessment of air quality in urban centres using lichen carbon, nitrogen and sulfur contents and
stable-isotope-ratio signatures. Environmental science and pollution research international,
30(20), 58731-58754. https://doi.org/10.1007/511356-023-26652-8.

Nouri, F., Taheri, M., Ziaddini, M., Najafian, J., Rabiei, K., Pourmoghadas, A., Shariful Islam, S. M.,
& Sarrafzadegan, N. (2023). Effects of sulfur dioxide and particulate matter pollution on hospital
admissions for hypertensive cardiovascular disease: A time series analysis. Frontiers in
physiology, 14, 1124967. https://doi.org/10.3389/fphys.2023.1124967.

Rabiei-Dastjerdi, H., Mohammadi, S., Saber, M., Amini, S., & McArdle, G. (2022). Spatiotemporal
analysis of NO2 production using TROPOMI time-series images and Google Earth Engine in a
middle eastern country. Remote Sensing, 14(7), 1725.

Rahman M. M. (2023). Recommendations on the measurement techniques of atmospheric pollutants
from in situ and satellite observations: a review. Arabian Journal of Geosciences, 16(5), 326.
https://doi.org/10.1007/s12517-023-11410-118.

Rudke, A. P., Martins, J. A., Hallak, R., Martins, L. D., de Almeida, D. S., Beal, A., Freitas, E. D.,
Andrade, M. F., Koutrakis, P., & Albuquerque, T. T. A. (2023). Evaluating TROPOMI and
MODIS performance to capture the dynamic of air pollution in Sdo Paulo state: A case study
during the COVID-19 outbreak. Remote sensing of environment, 289, 113514.
https://doi.org/10.1016/j.rse.2023.113514.

Singh, V., Singh, S., Biswal, A., Kesarkar, A. P., Mor, S., & Ravindra, K. (2020). Diurnal and
temporal changes in air pollution during COVID-19 strict lockdown over different regions of
India. Environmental Pollution, 266, 115368.

Tao, M., Fiore, A. M., Jin, X., Schiferl, L. D., Commane, R., Judd, L. M., ... & Tian, Y. (2022).
Investigating changes in ozone formation chemistry during summertime pollution events over the
Northeastern United States. Environmental Science & Technology, 56(22), 15312.-15327.

Taha, R. A., Shalabi, A. S., Assem, M. M., & Soliman, K. A. (2023). DFT study of adsorbing SO2,
NO2, and NH3 gases based on pristine and carbon-doped AI24N24 nanocages. Journal of
molecular modeling, 29(5), 140. https://doi.org/10.1007/s00894-023-05547-y.

Wang, C., Wang, T., & Wang, P. (2019). The spatial-temporal variation of tropospheric NO2 over
China during 2005 to 2018. Atmosphere, 10(8), 444.

Zhang, Q., Yin, Z., Lu, X., Gong, J., Lei, Y., Cai, B., Cai, C., Chai, Q., Chen, H., Dai, H., Dong, Z.,
Geng, G., Guan, D., Hu, J., Huang, C., Kang, J., Li, T., Li, W., Lin, Y., Liu, J,, ... He, K. (2023).
Synergetic roadmap of carbon neutrality and clean air for China. Environmental science and
ecotechnology, 16, 100280. https://doi.org/10.1016/j.ese.2023.10028.



http://dx.doi.org/10.61186/jsaeh.11.3.3
https://dor.isc.ac/dor/20.1001.1.24237892.1403.11.3.2.6
https://ndea10.khu.ac.ir/jsaeh/article-1-3432-en.html
http://www.tcpdf.org

