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Al the behest, | would like 1o copgratulate SIE
Agra chapter for bringing forth the aspecis
related to Indoor Air Quality (IAQ) from the
grassroot level to the paolicy formulation level.
There is a dire need to start understanding the
dynamics of indoor air in  vanous
microenvironments and the harm that the
exposure 1o these pollutants tend to cause to
human heaith.

Environmental Tobacco smoke (ETS) is also an
area which remains less explared in the research
on 1AQ. Passive smoking is a menace that needs
to be tackied. Research has evidently pointed
towards the need for having good quality of
indoar air in schools, colleges, offices and other
public spaces.
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Linkages between indoor air and productivity
have been well establishied In the west. However
we need 1o rework on validating this research in
indian subcontinent.

Mational Clean Air Programme (NCAP) has also
outlined the necessity for having guidelines for
IA@ In public spaces which has recently been
encouraged by NGT (Mational Green Tribunall
order. Monitaring of indoar air in these public
spaces in varous cities at different geographical
locations  across India will be a baby step
towards the larger goal of India having its own
set of standards for 1AQ In near future.

SIE has been working diligently with the
government, academia and industry stakeholders
to establish an ecosysiem of coenstructive
research on AQ in India.This edition of SIE
newsietter is a welcome step from the Agra city
chapter to bulld and assess the |AQ RESEARCH
BANK in India.
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Indoor air quality in sensitive areas like hames and public
places has caught the interest not only of secientists but of
the uitimate public further. increasing public awareness is
specializing during this igsue as mare and more individuals
enjeyed time inside than cutside, particularly folks that
are most susceptible to the implications of poor air
quality, just like the elderly, the young, and folks with poar
heaith. A series of epidamiclogical studiss reporied that
there are robust associations between short-teem and
long-term exposure to particulste and other pollutants;
they're responsible for harmful effects an human health,
ineluding cardiac and respiratory diseases.

Mowadays the best possible importance Is attributed o
aerosols, especially fine particles becauss they represent
a fiowery mixiure of organic and inorganic substances
with potentially toxic, carcinogenic, inflammatory,
allergenic, and other adverse properties. Mareover,
diverse sources of PM cause a decent range of particle
sizes, Le., the smaller the diameier size, the more desply
it'll deposit within the traet and at an increasing rate
iMassey =t al, 2018). Within the nasal-breathing mods,
the cillza and so mucus act 35 an extremely particle
deposition within the tract depend not anly on particle
characieristics, but also an human charactenstics, .e., the
pErsan's activity pattern throughout the day, ar breathing
deeply.

American Cancer Sociely has noticed that for every
10pg/m3 increase in PM2.5, A §% of increased risk of
moriglity and morkidity, which has increassed to 10%,
resulting in premaiure deaths, in line with the California
Air Resource Board (CARB, 2008, Xing et al, 2018},
Studies have reported an association of pupil kealth with
any indoar environment like schools, commercial centers,
offices, homes, or any indoor location exposure [Habil at
al., 2021]. These pollutants may originate from an
expansion of sources (bullding and construction materials
and furnishings, building occupants and activities,
inadequaie bullding design, Jdack of mainienance),
inciuding the infiliration of doors pollutants, like dust, soil,
and fuel-consuming  products, and internally  from
smoking, cooking, incense burning, building, and furniture
materials, consumer producis shed skin cells and organic
fibzer's (LS Department of Health and Human Servicel.

1 - Department of Chemistry, 5t John'z College, Agra-282002, UP, Indis
2 - Department of Chemistry, De. Bhimrao Ambediar University, Agra
253002, India

Personal monitoring is the foremost accurate appreach

for determining direct  exposure  to alrbome
emvironmental contaminants becsuse i Incorporaies
complex human activity patiarms into the exposure
assessment (Habll et al, 2018). Limited data is
obtzinable on personal measursmenis of fine particies
and its charactarization of chemical species is lacking In
comparative siudies for both aduit's and children's
activity patiems In numerous microenvironments which
is important for developing a regulatory outiine.

Aciz is one of ihe Important regions of the Earth within
the context of almospheric aerosel loading because of
the presence of growing economiss like india, China, and
attier Agian countries. Industrialization, the urbanization
procass, and also the associated increass Ih energy
demands have resuited In the profound deteroration of
urizan air quality. There's an Increasad awarenass within
the occupational and health community leading {o
possible health effects due to exposure to fine particles.
Their size Is specified they'll be breathed most desply
within the lungs, which have sulfates, nitratzs, acids,
metals, and carbon pariicles with varous chemicals
adsoroed onto their surfaces [Liu st al,, 2015)
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COVID-18 has emerged as a pandemic disease
within the beundary between humans and animals
and has revealed the iImportance of interdisciplinary
collaborations like the one health initiative.

In companson to cogrse particles, they more easily enter
buildings, travel farther, and are more evenly distributed
throughout communities, leading to the exposure that is
significantly more widespread A siudy done by Morgan
and Marris in 1977, stated that the importance of
population exposurs measuremeants in pollution
epidermiology makes it imperetive that epidemialogical
studies should inciude sxposzure estimates more
representative of what peaople breathe.

They incline to be dangerous once they're generated by
the mdividual's close activity-like activity pattarn. Since
most people spend approximately all of their fime inside a
bulding, mdoor paliutien might be a big concem. Each
indoor micre-environment s uniquely distinguished, as
determined by the local putdoor air, speciiic bullding
characteristics, and indoor activities, Consequently, each
individual's exposure s determined by a mix of the local
autdoor pollitant levels and thus the wvanous indoor
micro-environments to which a private s exposed, and
his duration in each, Moreover, the term “fresh air or
“outdoor air' is utllized within the standards and
guidelines as a plas for prescrining ventilation raies
{Breen et al., 2014). Because not always the guality of the
autdoor or fresh air could even be as “fresh” as may ars
assumead so reglacing indoor air with cutdoors may nat
always provide an adeguate solution

Supported this, the rule of 1,000 states that released
Indoor pollutants is one thousand- fold more lkely to
reach the lungs than related outdoor pellutants (WHO,
2010). Moreover the foremost notable and scientifically
challenging is the evidence suggesting the pessible
penetrating of particles of this size (fine fraction, <0. 1)
to the brain and central nervous system.

Indoor and cutdeor poliutant levels are markediy different in
mass, size-specific counis, and composition, influencing the
connection between indoor and outdoor air guality.

A significant cohcem concaerning air gquantily indoors and
outdbors fs the effect on the health of particles and other
pallutants, particulariy those sufficiently small to penetrats
the lung [(Unicef, 2018). Children hawve a far higher
absorption rate of contaminants than aduits. Reports have
shown upper respiratory problems and  asthma-  like
Symploms mare in young enes 8s compared to-atults.

Basides this, COVID-19 has smerged as 3 pandemic
disedse within the boundary between humans and animals
and has revedled the importance of interdisciplinary
collaborations like the one health inftative. Envircnmental
health, whose role within the Individual heaith concapt s
well established, has been related to the COVID-18
pandemic via varous direct and Indirect pathways. Modorm
lifestyle, tamperature change, environmental degradation,
oxposure to chemicals llke endocrine disrupiors, and
exposure to psychologiesl stress factors impact human
health negatively. As a result, many people are in g
disadvantageous position to face the pandemic with an
alreardy impaired systermn thanks to theirr exposore to
environmental health hazards (Agarwal et al, 2021). The
spread of COVID-19 oceurs vig' droplets or airbarne
particlas. These who are infected with COVID can release
particlas and droplets of respiratory fluids that contain the
SARS-CoV-2 virus Intd the air-afier they exhale (e.qg., quiet
breathing, speaking, singing, exercising, coughing, and
sneezing). The particle sizes diverge across a big range of
sizes - from visible to microscopic level. As soon as
infectious particles or droplets are respired, they move
outward from the Individual (the sourcel. These droplets
£an carry the virus and transmit infection. lhdoors, the very
fine droplets and particles will still spread through the air
within the room or space and may accumulate. Someone
will contract COVID-18 H they come into contact with
respiratory fluids containing the contagious SARS-CeV-2
virus, which happans when an infected person eoudhs of
speaks close 1o them. They'll even be expesed by inhaling
zerosol particles that are spreading far from the Infected
persan,
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Transmission of COVID-18 from inhalation of the virus within
the air can occur at distances greater than six feet, Particles
from an infected person can move throughout:a whole room
of indoor space. The particles can even linger within the air
after someons has left the area = they will remain airborne
for hours in some CE585. Someone may ais0 e exposed via
splashes and sprays of respiratory fluids directly onto their
mucous memoranes. Sgread may additionally sometimes
ocour through contact with contaminaied surfaces.

The many emerging ecoiogical risks and their subsequent
health implications reguire immediate risk analysis and nisk
communication strategies, Furthermaors, Interventions  and
sasy models can be made to view their possibie sources.
Maoreover, future studies can be providing a direct influsnce
of Covid texicity on the neurslogical and behavioral activities
of occupanis with the help of clinical data. There is 8 need to
generate reslistic information on the exposure paitern of
concern In the environment, and therefore, to develop
mopitors  to  determing the part of personal and
microenyironment exposure that s derived from different
poliution and, petter still, from the different sources.
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Indoor air guality (1AQ) a major determinant of personal
exposure to polluiants in today's world has direct fmpact an
occupants” health as they spend 80- 90% of their time In
indoors, Indoor air poliution (1AF) is 2-3 times more harmiful
that of ambient and among top five health risks to public
health (httpsy//www.epa.govirepart-environment/indoar-air-
quality). The comprehensive exposure duration to indoor
pollutants and thelr thousand fold efficacies to reach human
lungs (Mazareff, 2004) than cutdoors Increases the threat 1o
human health, As per State of Global Alr (SOGA, 2019)
report, AP has contributed 1o 1.6 milllion deaths worldwide in
2017 and World Health Organization in 2018 estimated that
AP miay result in ~3.8 million premature deaths annually. The
concern Increases with delicate population like children as
they have noiably Migher oxygen demand, slender sirways,
still developing organs and are more physically active leading
to breathe more air as compared fo their body weights which
in turn make pollutants 1o become more concantrated In their
systems (Liu et al. 2018), Furtner, Immature detoxification
mechanisms make children prone to exposurs of PM (2 major
determinant of IAQ). Studenis represent a large population
subgroup and they spend -8 hours per day in classrooms,
The improper ventilation, fitering systems, high children
density in a class, proximity to outdoor pariicle source and
challenging maintenance of bullding schools, impropsr
cleaning of unclean floors and Indoor activities llke repeated
rutbing of chalk dust on blackboards, duster cleaning and
continual re- suspension of existing particles lead to high
level of PM (Habll et al.2013) and make schools a aritical
microemvironment for exposure to 1AP to children,

Moreover, several studies have reporied that children get
exposed to higher PM concentrations owing to location of
schools near busy roads as poliutants from vehicles seep
in classrooms and results in deterioration of 1AQ (Habil =t
al.2013). However, improving ventilation may alter the air
exchange rate and improve air guality of classrooms but it
is dependabie on outdoor air guality as majority of Indian
cittes are evident of high PM load unexpectedly surpassed
the permissible limits (htips:/ /www.igair.com/warld-maost-
polluted-cities). PM’s small size and chemical composition
determine its toxicity carcinogenity for human health and
mads it more atientive among other pollutants. Earlier
studies mentioned that 2 rise of 10 pg/im3 in PMI10 and
PM2.5 lgads to increased risk of hospitalization for
myocardial infarction and morality ({from 8-18%)
respectively (Pope et al. 2004} Additionally, numerous
siudies also emphasized the association between PM and
increase  of cardiovascular, cereprovascular  and
respiratory mortality ‘and morbidity (Liu et al. 2018). The
elevated PM level in indoors creates a sense  of
discomforis which in turn is responsible for school
absentesism, productivity (Rosofsky et al. 2014, Habil st
al. 2015) and leads t0 numerous adverse health outcomes
including dry throat, sneezing, eye irriation, irreversible
inflammations in the respiratory and cardiovascular
systems, decline in lung function and greater respiratory
hesalth impacts on school-going children (Habil & Taneja
2011, Habil et al. 2013). Moreover, reduction in students’
cognitive and nsurological functions, and hence 1Q score
and academic performance are the risk of particulate air
poliution have besn established by Rosofsky =t al. 20142
and many others:



Apart from P\, gaseous pollutants (viz: Ozone, NOx, S0x,
VOCs etc.| and biological pollutants in classrooms are-aiso
of major concern: Long iferm exposure o elevated
concentration of czons may cause permapent lung damage
and as per Levy et al, 2005, an elevation of 10pg/im3 in1h
maximum Dzone (eads to a grand mean of 0.21% increase in
maoriality, without controlling for other air potiutapis.
Meanwhile, orfone 15 also associated with  school
apseniesism as [t leads 1o many respiratory ilinesses. The
presence of furmiture and mould in indoors s associated
with asthma symptoms and allergic diseasss in children.
Hessachers viz. Rosofsky 2t al,

2014 and many others found association of sign of anxiaty,
efficiency depletion, poor acgdemic periormance, school
apsaniesism, dimipution in ambient comfort of students
when exposad to poor [AD.

This envirenmental factor {poor 1AG) not only have adverse
impacts on individuals growth but also contribuie fto
children's health and poar academic performance but also
have societal and economical consequences as school
absenteeism intensify social class differences i acadamic
development such that higher atiendance rates benefit
lower socioeconamic status children the most and parents
face challenges in thelr weork attendance whose children
get adversely affected from exposure of poor 1AG.

The aforementioned wreiched consequences of axposure
from poor WAGQ have clarify the importance of good quality
of indoor air in schoois. Although, envirenmental proteciion
agencies like WHO, American Socieiy of Heating,
Refrigerating and Air-Conditioning Enginears (ASHRAE),
Occupational Safety and Health Administration (OSHA) and
national agencies have formulaied benchmark limits of
pollutants for indoor micro-environments and WHO have
given suggestions that can be adopted to reduce
children'sexposure to pollutanis yet po information on
aciions that can be undertaken oo actively lower the
exposure when ihe concentration of pollutants cross the
accepiabie limits.

Furthermore, the official air guality monitoring stations are
located away from schools and monitor oply ambient level
of polluiants. However, these measurements do not work
on estimating siudents’ parsonal expesure (which can vary
student to student as per their indoor and outdoor
aciivities) as well as pollutants concaniration in schoois
where they spend their majority of time.

To reconcile the problem of 1A in schools, continuows and
long term monitoring of pollutants as well as paraliel
sampling of mass and number concentrations of asrosois in
schools (which is scarce) is essential 1o know source,
physical and chemical properiies of indoor pollutants in
school premises which in fwrn helps In estimaiing the
exposure and skeich methodologies that can be adopied
to mitigate and eliminate the exposure.

As a result of i, diminution in adgverse heaith hazards will
pe cbssrved. Additionally to inhibit the seeping of ambient
pollutanis; immediaie sieps by staff and siudents or long
term pelicy which incorporaie updating school premisss
and equipments during occcurrence of steady and high rise
in the polluiant's level than permissible must e acguired;
Some studies (Martenies & Batterman, 2018 and many
others) conducied in  classroom  In presence  of
intervantions reported improvement in |AQ a5 well &8s health
penefits suggest that intervention can be employed in
school bujidings to achieve the goal of better |AQ.

The good IAD in schoals is necessary for petterment of
children's health and their academic performance. Hence,
petter policies and sirategies are required for improving
|43 in schools where the future of natiop spends their
second most time after home.
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Most people are aware that outdoor air pollution can impact
their hesith, but indoor air pollution can alse have significant
and harmful health effects. The W.5: Environmental Protection
Agency (EPA) studies of human expesure to air poliytants
indicate that indoor levels of pollutants may be two to five
times apd occasionally more than 100 fimes higher than
putdoor levels, These levels of indoor air pollutants are of
particular concem because mosi pecple spend abhout 90
percent of their time indoars,

Children breathe more air, eat mora foed and drink more liquid
in propariion to their body weight than adulis, Therefore, air
guality in schoals is of particular concem. Proper maintenance
of indeor air is more than a "guality” Issws; it encompasses
safety and stewardship of your investment in students, staff,
and faciiities Unlike other bulldings, managing schools
involyes the combined responsibllity for public funds and child
safety lssues. These can instigate strong reactions from
concemed parents and the general commumity, Many other
aspecis are unique to schools: Occupants are close together,
with the typical school having approcomately four times as

many occupants as office bulldings for the same amount of
flrnr snarsa

E L aoe

AE 1Al guelity soiution inschool builging

Department of Chemistry, St. lohn's Colleges, Agra
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Budgets are tight, with maintenance ofian receiving the
largest cut during budget reductions

The presence of a wvanety of poliutant sources,
including:

« AT and science supplies

+ |[ndustrial and vocational arts

+* Home economic classes

A large amounti of heating, ventilating, and air-
conditioning equipment place an added strain on
maintenance staff. Concentrated diesel exhaust
exposure due to school puses. (Students, staff, and
vehicles congregate at the same places at the sams
time of day, increasing expasure to vehicle emissions.)
Long, dally scheal bus rides may contribute to elevated
exposure to diesel exhaust for many students. As
schools add space, the operation and maintenance of
each addition s eften different. Schools sometimes use
rooms, portable class reoms, or buildings that were not
anginally designed 1o service the unique reguirements
af schools. We aften find inereasing levels af camman
indoor pollutants in schoals,

This is mainly due to poorly constructed bullding and
maintenance, poor cleaning and, mast importantly, poor
ventilation. Tnils is something that neesds urgent
attention and rectification as Indoor Alr Quality s
particularly Important for children, In fact, becauss
children are stjll devetoping thelr immune systems, they
inhate a highar yolume of air per bodywsight than
adults, The Scientific Committe2 on Health and
Enviranmental Risks (SCHER), an independent scientific
committes managed by the Directorate-General for
Health and Consumer Protectlon of the Eurcpean
Commission, reporied that more than 200 different
compounds can be detected in Indeor air, and most of
them derive from human activity.



For example C0O2 which i a product of human
respiration. Elevated |evels of COZ2 may be reached in
crowded jndoor environments with inadeguate  air
exchange, Allergens mainly related to dust, damp, pets or
insects, but also entaring from outdoors - and infectious
agents play an Important role In ndoor pollution,
Expozure o Indoor pollutants increases the risk aof many
respiratory/allergic symptoms or diseases such as
asthma.

indoor Alr Quality Is furdamental in improving the overall
quality of Ilife and productivity of children and
adolescents, especially If thers Is already a history s
respiratory diszases. The instalistion of imechanical
ventilation and heat recovery systems ls an sffective
solution to reduce sirbomne allergens, Such a solution
may result in a significant decline in respiratory problems,
such as bresthlessness during exercise, wheezing, and
coughing,

There are some ways to improve alr quality in schoais
and the changes you can implement o control air
pallutants In your schoal

1. Air Purifiers

A lat of different types of air purifiers are available in the
market. Most of the air purifiers avallable today contain
HEPA (High-Eificiency Particulate Alr) filters. These fifters
let thie air o flow through an ultra-fine mesh that traps air
paliutants.

L Fig. 2 Air Purifier

ft Iz ezsentizl to make sure that your air purifier contains
filtars that can sift the tinlest particles, which  will
drastically help o Improve the alr guality iIn schools,
These microscopic air pollutants can cause lung irmitation
and are more dangerous to individuals who suffer from
allergies or asthma.

While there are a ot of air purifiers available, you might
want to learmn more about their Clean Air Delivery Rate,
which also measures the efficiency of the ar purifiar.
Larger purifiers have higher CADR compared to smaller
anes. This iz why it is essential to consider the room size
before purchasing a purifier. However, |ust because you
Rave a purifier doesn't mean that the alr clrculating inside
the classroom is clean,

A room full of people is prone to CO2 bulid-up, and if that

happens, oxygen wouldnt be enpugh for everyone.
Therefare, installing wentilation  systems i highly
recommended.

2. Whiteboards Over Chalkboards,

A lot of schools have opiled to use whiteboards over
chalkboards theze days, primarlly because they are 3
cleaner option. Chalk dust can be suffocating when inhaled,
especially to those who have asthma or allergies,

But some schools still use chalkbeards because blackboards
are still more accessible and cheaper than whitebcards
Moreovear, there are stlll several people who ars not aware
of the dangars chalk dust can bring to childran.

3. Ventilation Systams

Dpening the doors and windows to allow air circulation
through classrooms is the most common and simplest
method of ventilation. But we only recommend this if you are
sure that the outdoar air guality is also good. If your school
is located in 3 busy area where air poliution and traffic are
rampant, then we suggest you install ventilation systems
that could help you improve schoo! air quality

Here are some other things you can do to improve
ventilation in your school bulldings:

» Refrain from turning off HYAC Systems.

« Increase the number of air exchanges per hour to allow
fresh air to fiow into closed areas

= Increase the fresh air intake 1o 100%.

Fig. 4 Ventlation System



4- Weatherstripping
Weathersiripping is the process of sealing gaps on

windows and doors to prevent air from {eaking through the
gaps. Sealing the rooms inside the school building can
ensure that the amount of ventilation throughout the room
i5 Just enough. This can also prevent moisture from
entering the room, which could cause moid: While there are
many bensfits from weatherstripping, it could also trap
polluted airinside the room.

Fg 5 Lady implementing Weatherstripping
5. Go Green

We all heard it before: plantis and trees will save the planst,
This is also true when il comes to Improving the 1AC within
your school buliding. Plants and trees producs oxygen
while removing carbon dioxide, which |s dangerous fo us
humans. Adding more trees and plants is the best option
but not the most practical one.

Fig. & Group of people planting irees

But If you have enough space and resource. Oftan, these
pollutants are taken for granted. But they shouldn't be
Consistent exposure can be dangerous to your children. Te
better understand what's at stake, well-share threes ways
Indocr air pollution impacts students. can affect vour
children while they're in schoel,

How Does Indoor Air Pollution Affect School Children?

Indoor air polluiion can cayse a variety of immediate health
effects such.as:

« Fatigue

« Coughing and sneezing

« Shortness of breath

« Dizzingss and nausea

» Headache

+ Allergies

« [rritation of the eyes, nose, throat, and skin
« Carbon menoxide poisoning

« Aggravated asthma

If your children have been complaiming of freguent
irritation in the eyes, nose and throat afier coming homa
from scheol, they may have been exposad to some form
of alr poliution. While most of these symptoms ars short-
term and trestable, not addressing the cause will only
bring pack the afflictions after a while. In addition, tha
likelihood of these reactions may vary depending on
factors like age and existing medical conditions. Faor
axample, children with asthma are especially vulnerable
sirce their condition can be triggsrad by indoor exposure
to allergens like molds and dust mites. These allergens
are also quite common in school saettings.

Fig. 7 Students profesting against poilution

Exposure Could Lead to Long-Term Problems

Based on a National Center for Education Siatistics
report, students spend an average of 1,000 howrs in
sehool buildings: evary school year. That is, roughly a
span of 180 days. This number shows [ust how long your
childran are exposed to health rsks while atiending
sehool. Unforiunately, leng-term exposure 1o indeor air
pollution may cause serjous healih effects that could
show up years later. These include:

= Respiratory diseases and conditions

= Worsening asthma and allergies

= Heart diseasas

= Cancer
First celebrated in 1984, the Asthma and Allergy
Foundation of America [(AAFA) designated the

awareness monih o generate more recognition for the
ilinesses. This year, AAFA is offering 31 days of action for
the 31 days of May. That's 31 different ways 1o gei
involved, take action-and leam more about these chronic
conditions. Allergies and asthma are, howaver, cerainly
not limited to the month of May. And contrary to what
some may believe, allergies are not confined o
springtime either. Even hay fever (the common ailergic
response 10 airborne  substances) s a year- round
condition for some. Whather you or-a loved one suffers
from asthma or allergies, it's imporiant to be proactive
Reducing exposure io poieniial triggers i the key.
Though you cannot clear ouldoor environments of
triggers, you do have control over your indoor
enviranment. Here's why focusing on indoor air guality
matters for asihma and allergy patienis. One indoor air
pollutapt, radon, is & naturally occurring gas frequently
fournd in schoois and workplaces. 1T is 8 known
carcinogen and considered the second leading cause of
lung cancer oy the EPA.

PAGE 12



Anather Known health problem linked to Indoor air pollution
I= Legionnaires’ diseass. lt's a form of pneumonia caused
by the legionella bacteritim. it's associsted with bulldings
with poorly maintained alr conditioning and  heating
systems

Indoor Air Pollution Affects Student Success

A student's health and cemfort b the elassroom Impact
their overall learning and productivity. Studies  from
Amarican University documented significant declines in
test scares ‘during days with high levels of Indoor
particuiste pallution. Expesure te poor indoor air guallty
also Impacts studenis attendance due to sickness.
Asthma, for instance, Is one of the leading causes of school
absentesism. Tezchers and staff getting sick from
exposure can further disrupt the leamning enviroriment.

Minimizing ndoor gir pollitants |s paramount to high
performance schoals, dus to the potentislly detrimehtal
affacts that VOCs, particilate mattar including allergens
and molds, and combustion gases may have on the health
and wellbeing of students. In addition to their capacity to
trigger asthma or allergy attacks, some of these pollutanis
are notorious for causing flu-like symptems, headaches,
nausea, and irritation of the eyss, nose and throat
Moreowver, recent research suggests that a school's
physical environment also can play 3 major role In
academic performance.
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newsr designs, construciion practices, and
ouilding materials for "green” buildings and the use of
“savironmentally friendly” products have the promise of
towernng chemical exposure. You wani to do everything
you tan {o keep your children healihy and happy, but you
dor't have complete control over the indoer air guaklity in
their educational settings. Getting involved in your local
pareni-teacher associgtions and voicing your personal
concerns about air quality is a good first step to provide
your <hildren with a =afe Iearning environment
Advocating for indoor a&r guality solutions can make &
difterence. While mast of these symptoms are short-term
and treatable, not addressing the cause will only bring
pack the afflictions after a white. In agdition, the likelinoed
of these reactions may vary depending on faciors like age
and existing medical conditions. For example, children
with asthma are especially vulnerable since their condition
can e triggered by indoor exposure o allergens like
molds and dust mites. These allergens ars also quite
common in school settings.
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TOBACCO SMOKE IN INDOOR ENVIRONMENT AND TS HEALTH IMPACTS
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exposed to someone else's clgarstte, cigar, or pipe
smoke. ETS can also be described as the matenial in
indoor air that originates from tobacco smoke that
originates from tobacco products. According to the World
Health Organization, Indoor air pollution (JAP), also
termed as housshold ar pollution [(HAP), s a major
envirmnmental and public health challenge in develoging
countries [1]

=

Indoor air pollution (IAP) is highly vulnerable to human
heaith, causing milllons of deaths each year. A plsthors of
pollutants can result in LAP; hence, it Is Important to
conceive a blueprint for-the control and improvement of
Indoor air quality (IAQ) and to recognize its main sources
and concentrations. People ganerally spend most of thelr
tima in an indoor environment, which contributes greatly
to human wellbeing [2]. Approximately 2.8 millicn peopie
die ammually because of indoor ar pollution (AP,
according to the World Health Crganization (WHO) [3]

Department of Chemistry, 51, John's College, M. G. Road,
Agra. U.P. Indiz

Department of Chemistry, Institute of Basic Science Dr,
Bhimrao Ambedkar University, Agra-282002, U.F. India2

Smoking, cooking, use of electronic machines, or
emissions fram building materials are some of the
occupants’ activities which can generatz AP inside
offices, bulldings, or homes. Particulate matier (PM],
aerosol, carbon  monoxide (CO), wvelatile organic
compounds (VOCs), harmful pollutants, and biological
pollutants are all scurces of pellution inside buildings
[2]. Im cigarstie smoks, mare than 3,800 compounds
nave been identified. Sidestream smoke (S5) is the
major source of ETS, which is emitted fram the buming
end of 3 cigarstte in bBetween puifs. ETS residus is
primarily composed of gases emitted during smoking
through the clgarette paper, exhaled mainstream smaks
{MS), and smoke emitted during inhaling a puff from the
burnming end [Bl. 85, £7S5, and MS. Each of these
mixtures is an asrosol consisting of a vapour phase and
a particulate phase. Although the smokes of ETS, S5
and MS differ dus to changss In fndividual constituent
concentrations, the phase (vapor or particulata) in
which the constitugnis are present, there are vanous
secondary reactlons that physically and chemically alter
("age"| the composition of the smoke Undiluted S8

contains  higher concentrations aof some  toxic
compounds than undiluied MS, =such as volatile
nitresamines,  nicotine  decomposition products

ammaonia, aromatic amines, and velatile amines. in spits
of that, where the ETS exposures taks place, the
concentrations of these 55 smissions are considerably
diluted in the indoor space




The hydrophoble vapour phase part of ETS goes into the
lung of the exposed Individual, but the hydrophille vapour
phase part is likely to be absoribed in the upper respiratory
tragt. Particles <2.5 um dominate the particulaie phase of
ETS and can be drawn desply into the lung. For instance
it i kmown that most of the nicotine shifts from the
particulaie phase in M5 and fresh 55 1o the vapour phass
in ETS. Therefare, Indoor air-cleaning systems designed
which 'may alter ths concentrations of other toxic
component but to remove particles will not greatly after
the nicotine exposure. Indeor radon comes from sources
in the environment and decays to short-lived radon
daughters, whlch can become baund to the RSP in ETS.

However, from tobacco fsslf, long-lived radon daughters
come. RSP, benzalal pyrens, acrolein, carbon monoxide,
nicotinge, nitrogen, nitroso-compounds, and oxides are
sgme of the air contaminant compounds studied in the
fizld as indicators of ETS exposurse. A majority of fisld
studies have used RSP as an indicator of exposure to
ETS becauses of the substantial emission of RSP i indoorn
spaces from tobacco combustion, ETS Is the dominant
contributar the indoor levels of RSP, Both =i

iG

manitaring and modelling clearly indicate that RSP
concentrations will be elevated over background levels In
indoor spaces when even low smoking rates occur.

in conclusion, contaminants in the indoor air environment
are [mportant cantributing causes of human health hazards

2. BIOLOGICAL MARKERS

The dose of ETS to the organs eor ftissues could be
measured directly through the use of biological markers
that specifically indicate upiake in the organs or tissues by
physiological fluids of exposed people. Several chamicals
are found in such fluids, and they can be jdentified and
guantifiad in wrine, klood, or saliva. Other suggested
biological markers af exposure are pitrosothioproline, M-
nitrosoproling, and some of the aromatic amines that are
present in high concentrations in 85

3. HEALTHEFFECTS

Acute, Noxiopus Effects - ENT imigtion and the
objectionabie smell of iobatco smoke are the most
common acute effects associated win exposure to ETS
During exposure to ETS, eye blink rate is correlated with
sensary frritation, such as nasal lritation and burning eyes.

Respiratory Symptoms and Lung Cancer

According to WHO exposure to household air pollution is a
major risk facior |eading toc acufe lowser respiratory
infections (ALRI) in children under, five and ischaemic heart
diseaze (IHD), stroke, chronic obstructive pulmonary
disease (COPD), and lung cancer (LC) in aduits [5].
Respiratory symptoms, such as whesezing, coughing, and
sputum  production, are increased in children whose
parents smoked

Since children exposed to ETS from parental smoking have
an increased frequency of pulmonary symptoms and
respiratory Infections, Ezposure o ETS increases the
incidence of lUng cancer in nonsmokars,

Cardiovascular Disease

There are no significant effects on Diood pressure and
heart raie in school-aged children or healthy adult
subjects, efther during exercise ar at rest, on exposure o
ETS

Other Health Considerations in Children

When smoking spouses come into contact with nonsmoking
pregnant women, they have been shown to produce babiles
of Jowsr birthwsight than nonsmoking women  with
nonsmoking spousas. Some studies have shown that the
growth and devselopment of childrets of smokers has been
reduced, and one study described g dose-response
relationship betwsen increasing numbers of cigarettes
smoked in the home by seither of the parents and reduced
heght.

4, CURRENT STRATEGIES for MONITORING

and CONTROL of |1AQ

I. Development of Materials for IAQ Sensors

2. Current Strategies for Monitoring and Control of IAQ
al Development of Materlals for |AG  Sensors

b) Intermet of Thing (loT)-Based Systems

cl Wirsless Sensar Netwark (WSN)-Based Systems.

3 Alr Purification Technologies for IAQ Improvement
4, Smart Home for IAQ Control.
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