SATELLITE REMOTE SENSING BASED ASSESSMENT OF TOTAL AND TROPOSPHERIC OZONE AND

ANALYSIS OF FACTORS INFLUENCING THEM

RESEARCH PROBLEM

Delhi reels under the wave
of deadly ozone pollution

Bindu Shajan Perappadan

NEW DELHI: The heat has been unbearable and

worse news follows. The summer pollution .
curve has taken an ugly turn as ground-level o " - Rt
ozone, a highly reactive and harmful gas, has far s
exceeded the permissible limit, areport released

by the Centre for Science and Environment

(CSE) on Monday said. '

“With heat wave raging in early June, ozone
peaks to dangerous levels. Rising NOx levels and
volatile gases in the air, primarily from vehicles,
form the recipe for ozone when exposed to in-
tense sunlight and high temperature. Ozone is a

i threat to those suffering from asthma
and respiratory problems and can cause prema-
ture deaths if it is high even for a short duration ¥ _ .2
during the day,” said Anumita Roychowdhury, 5 e v May cause harm to the central nervous system®
executive director, research and advocacy and % . gy R
head of CSE’s air pollution programme.

Warning that Delhi needs to act fast to reduce
:{:E Eoscé{ggls (\),.,fag,f:j tt}l::tt ff.dosrtntlrnggl;itlizrfzeeggg peaks to danggmus levels in the city. researchers found further evidence in a nationwide study that older adults faced a higher risk of premature death
tobe taken to ensure that pollution alert systems PHOTO: MEETA AHLAWAT
and next generation air pollution control mea-
sures are brought in.

This summer, a study of the real-time air qual-  toxic and volatile gases.”
ity data available from the key monitoring loca- “This exposes worrying trends in the city.
tions of the Delhi Pollution Control Committee Though there is a variati
for January to early June 2014, shows rapid months, there is a clear trend towards newer oo Do PLATS anilys
build up of 0zone and more frequent violation of heights. While ozone levels are rising steadily analysis. Epidemiology. 2005; 16:458-468. 1to K, De Leon SF, Lippmann M. Associations between ozone and daily mortality: Analysls and meta-analysis.
standards this summer. Epidemiology. 2005; 16:446-29

The CSE experts said warmer temperatures quickly as soon as the heat wave hit Delhi in the
and the extreme heat waves are threatening to first week of June. The average temperature has
increase the frequency of days with unhealthy increased rapidly from 35 degrees Celsius on
levels of ozone coupled with serious public June1to more than 44 degrees Celsius on June
health consequences.

Ms. Roychowdhury said: “Ozone is the new cent in Civil Lines, 171 per cent in Punjabi Bagh,
ation public health threat and a difficult 315 per cent at Mandir Marg and 82 per cent at

gener: ¢ t
challenge. It must be curbed at the early stages IGI airport within a week,” said the CSE note.

*AMERICAN LUNG ASSOCIATION.

Health Risks of Ozone Pollution

Ozone is one of the nation’s least well-controlled air pollutants.

Ozone (O3) is a gas molecule made up of three oxygen atoms. Sometimes called “smog,” ozone pollution forms in
the atmosphere when gases that come out of tailpipes, smokestacks, oil and gas extraction and other sources
react in the presence of sunlight. The gases that react to form ozone are volatile organic compounds and nitrogen
oxides.! Ozone levels typically rise between May and October when higher temperatures, increased sunlight, and
stagnant atmospheric conditions transform air pollutants into ozone. Rising temperatures from climate change
will make it harder to reduce ozone.
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When a person inhales ozone pollution, it reacts chemically (“oxidizes”) with the body’s internal tissues, causing
inflammation, like a “sunburn” of the lung. Ozone acts as a powerful respiratory irritant at the levels frequently
2 found across the nation, especially during the summer months.
Millions of people are vulnerable to the health threats from ozone pollution. Five groups of people are especially
vulnerable to the effects of breathing ozone: *

* children and teens;

* anyone 65 and older;

+ people with existing lung diseases, such as

asthma and COPD;

Independent scientists and U. S. Environmental Protection Agency (EPA) concluded that ozone pollution posed
multiple, serious threats to health. The EPA engaged a panel of expert scientists, the Clean Air Scientific Advisory
Committee, and the public in a four-year process to help them assess all available research. Their findings,
published in 2013, are highlighted in the box below, along with a few of the hundreds of studies they cited.

« people with cardiovascular disease; and
» people—even healthy adults—who work or
exercise outdoors.

Ozone Pollution Poses Serious Health Threats

v Causes respiratory harm (e.g. worsened asthma, worsened chronic obstructive pulmonary disease [also
known as COPD, which includes emphysema and chronic bronchitis))®

v Likely to cause early death®

v Likely to cause cardiovascular harm (e.g. heart attacks, strokes, heart disease, congestive heart
failure)®

May cause reproductive and developmental harm’

v
. Based on these findings, EPA strengthened the national standards for ozone in 2015, although the American Lung
With the heat wave raging, ozone ssociation and health and medical allies called for stronger limits than EPA adopted. In a 2017 scientific paper,

even when levels of ozone pollution remained well below the current national standard.®

with stringent controls on nitrogen oxide and ;"f E tal P < oyl Rela o ).US. Environmental
»

ig JQ. Relationship between visits to emergency departments for asthma and azone exposure in greater Seattle, Washington. Ann Allergy
i 03:474-9. Villencuve PJ, Chen L Rowe BH, Coates F. Outdoor air pollution and emergency department visits for asthma among
ation 1n trends_ C: sover study in northern Alberta, Canada. Environ Health Global Access Sci Source. 2007; 6:40.

M. A meta-analysis of time-series studies of ozone and mortality with comparison to the National Morbidity, Mortality, and Alr

5. Levy JI, Chermerynski SM, Sarat JA. Ozone exposure and mortality: An empiric Bayes metaregression
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with the onset of summer, it doubled Up Very Cournot M, Cassadou S, Giroux M, Meybeck M, Ferriéres J. Ozone air pollution is associated with acute myocardial infarction. Circulstion.
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6. As a result, the ozone level shot up by 87 per

Ozone is a layer In the stratosphere part of the atmosphere that protects
the Earth from the harmful ultraviolet rays of the Sun

But when this ozone is found near the surface of the Earth and it reacts
with the nitrogen oxides and the sulphur oxides present in our
atmosphere, then it can cause adverse effects on the inhabitants of this
planet and to the environment

In this study focus has been given on tropospheric 0zone concentration
and the amount of tropospheric ozone concentration over the state of
Jharkhand has been assessed

INTRODUCTION

The chemical composition, air quality, and climatic evolution of the
troposphere are being greatly controlled by the layer of ozone In our
atmosphere and hence it is of great interest to atmospheric scientists
The major portion of the ozone in the atmosphere is present in the
stratosphere layer which ranges in height from 10 km to 50 km from the
surface of the Earth
Ozone is also found in the tropospheric layer of our atmosphere which
ranges in height from the ground level up to 15 km from the surface of
the Earth and this ozone is known as the surface ozone
Photolysis iIs the major mechanism for the production of ozone in the
stratosphere
The process of photolysis is defined as the breaking up of oxygen
molecules into oxygen atoms in the presence of the ultraviolet rays of the
Sun and is the followed by the reaction of oxygen atom with oxygen
molecules to finally form ozone
O, + UV——[O] + [O]
[O] + O,— Oy

The life on the surface of the Earth is protected from the harmful UV
rays of the Sun by the layer of ozone in the stratosphere and hence the
Stratospheric Columnar Ozone (SCO) is referred to as good ozone
The cooling of the stratospheric temperature is cited as the main cause
for the depletion of the stratospheric ozone. The photochemical reactions
between the oxides of nitrogen (NO,) and Volatile Organic Compounds
(VOCs) is considered to be the main reason for the generation of
Tropospheric Columnar Ozone (TO) which is also known as the ground
level ozone and is considered to be bad ozone
If there is an increase in the amount of surface ozone, then it will also
cause serious negative effects such as persistent decrease in lung
function, influenza, pneumonia, asthma etc. and decrease the crop yield
and will contribute to the global warming as it is a greenhouse gas
Satellite observations help us in determining and detecting the spatial and
temporal changes of our ozone layer
It Is believed that increase in temperature will accelerate the rate of
reaction for the formation of surface ozone and it has been proved by the
scientists that a high positive correlation exists between warmer days
with high temperatures and higher ozone levels

RO, + NO RO + NO,

NO, + UV > NO + [O]

O+0,+M > O3+ M
The Dobson Unit (DU) Is the most common unit of measurement for
stratospheric ozone

STUDY AREA

The study Is done in the eastern Indian state of Jharkhand

The state is situated in the northern hemisphere having a latitudinal
extension from 21°N to 26°N and extends longitudinally from 82°E to
89°E.

The state shares its border with the state of Bihar to its north, Uttar
Pradesh to the North-West, Chattisgarh to the West, Odisha to the South
and West Bengal to the East
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WAYS TO MEASURE OZONE

« Ground based measurement: It is more than a century that ground
stations are being used for measurement of ozone

» Dobson Spectrometer: It is developed in 1924 and is the earliest
Instrument to measure ozone

« Air borne measurement:
atmospheric ozone concentration

» Balloons: They are used for measuring ozone concentration up to a
height of 40 km from the surface of the Earth and can provide data on a

daily basis

» Aircrafts: They are used to measure ozone concentration in both the

stratosphere and the troposphere

 Satellites: They measure the concentration of ozone over the entire globe

and have a fixed temporal resolution

SL. NO. SATELLITE OR SENSOR LAUNCH DATE END OF OPERATION

24™ OCTOBER 1978 1995
SAGE I 24™ OCTOBER 1984

METEOR 3 -5 15™ AUGUST 1991
HALOE 12™ SEPTEMBER 1991
AURA 15™ JULY 2004

 Aura Satellite: Aura is the Latin word for breeze.

NIMBUS 7
315T AUGUST 2005
13™ FEBRUARY 2013
215T NOVEMBER 2005
OPERATIONAL TILL DATE

» It 1s used to measure ozone and other important gases throughout the
atmosphere. It was launched on 15t July 2004 from Vandenberg Western

Test Range.

» It monitors the Earth from an elevation of 705 km. It crosses the equator

at around 1:45 PM.

» It measure trace gases in the atmosphere by detecting their unique

spectral signature.
» A short description of four payloads on board the satellite is as follows:

MLS: observe faint microwave emissions from ozone, chlorine and

other trace gases.

HIRDLS: measures infrared radiation from ozone, water vapour, CFCs,

methane and nitrogen compounds.

TES: measures tropospheric ozone in infrared wavelength, also carbon

monoxide, methane and nitrogen oxides.

OMI: molecular absorption of backscattered sunlight in visible and

ultraviolet wavelength.

OBJECTIVES

Determination and assessment of Total Ozone Column over the state of
Jharkhand from 2005 to 2018

Determination and assessment of Stratospheric Ozone Column over the
state of Jharkhand from 2005 to 2018

Determination and assessment of Tropospheric Ozone Column over the
state of Jharkhand from 2005 to 2018

Assessment of variation of ozone on latitudinal and altitudinal factors
Assessment of contribution of fire episodes in increase of tropospheric
0zone

ESRI & OTHER TECH USED

« ArcGIS 10.3.1
» Spatial Analyst Extension
» Raster to Point Tool
» Clip Tool
» Data Management Toolbox
» Raster Calculator
« HDF Viewer
Microsoft Excel

DATA USED

Total Ozone Concentration data obtained from OMI

Stratospheric Ozone data obtained from MLS

Jharkhand Boundary Map obtained from Survey of India toposheet
Fire Incident data obtained from Aqua and Terra sensors on-board
MODIS satellite
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CONCLUSION

The Total Ozone Concentration increases during the spring and summer
months and decreases during the winter months

The average value of Total Ozone Concentration is highest in the month
of May and lowest in the month of December

Tropospheric Ozone Concentration has increased by 15 DU from 2005 to
2018

Total Ozone Concentration increases in the pre-monsoon and monsoon
period and decreases thereon

Total Ozone Concentration shows high positive correlation with latitude
and low negative correlation with altitude

Forest fires contribute to the increase in the value of tropospheric ozone

FUTURE SCOPE OF STUDY

Ozone pollution from industrial areas needs to be analysed

Variation of tropospheric ozone concentration over various land use and
land cover classes needs to be done

Variation in tropospheric ozone concentration over urban and rural areas
needs to analysed

Correlation of tropospheric ozone concentration with climatic parameters
such as rainfall, relative humidity, temperature, lighting etc. and
pollutants such as NO,, SO,, PM2.5 and PM10 needs to be found out and
analyzed

Ground sensors should be developed to verify results from satellite
measurements and further identify hotspots of ozone concentration so
that the Government can take stringent steps in curbing ozone pollution
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