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Article 31 of the UN Convention on the Rights of the Child 
states that children have a right to play. However, in many 
other countries, time, space and opportunities for outside 
free play and playing out have declined as safety has become 
a major issue. The impact of this on child health is immense 
with children spending more time on with digital technology 
the impact of this can be seen in increasing obesity and poor 
eye conditions among others. Children are also increasingly 
lacking opportunities to socialise outside of school, gain 
benefits of play and develop socialising skills.

Among other issues air pollution can be a major reason 
to discourage outdoor play. While physical infrastructure 
and social conditions are often considered for encouraging 
outdoor play, the air we breathe and the need for clean air is 
often ignored 

When we embarked on this project we were troubled by  the 
ignorance associated with air pollution and sending children 
out to play, There were situations when even in atrocious 
levels when the AQI was over 200, children were playing high 
impact sports like tennis and even toddlers going through 
an extensive PT schedule. It is in this background that we 
conceptualised this project with the primary objective of 
engaging schools. Parents, teachers and children in an 
awareness programme that talks of the health impact of 
poor air for a play environment and how this community can 
engage in mobilising for clean air solutions.

Clean Air Asia, under Schools for Clean Air project began 
monitoring the air quality in schools of different cities in 
India to analyse the trends and relate it to the time spent 
by children in play and the consequences on their health. 
Schools were strategically selected to deploy Air Quality 
sensors which will continuously monitor the air quality.  We 
conduct awareness raising activities, perception surveys in 
the schools in tandem with the data being recorded in order 
educate them on air pollution and engage them in action. 

This is a report of our work in Nagpur where we have 
recorded PM2.5 and PM10 levels over a year to study air 
pollutant levels at different times of the day We then 
conducted a survey among students to check if their were 
specific health ailments that could be attributed to high 
pollutant levels. 

We hope all of you who care about child health and want to 
provide safe pollution free spaces for our children to play 
in will support us in our work to provide clean air- healthy 
spaces for children!

 

Prarthana Borah 
India Director
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AQ Air Quality

AQI Air Quality Index

CAA Clean Air Asia

CAAQMS  Continuous Ambient Air Quality Monitoring Station

CAHS Clean Air: Healthy Spaces

CBSE Central Board of Secondary Education

CO Carbon monoxide

CPCB Central Pollution Control Board

IMD Indian Meteorological Department

KTPS Koradi Thermal Power Station 

MIDC  Maharashtra Industrial Development Corporation 

MIHAN  Multi-modal International Cargo Hub and Airport at Nagpur

MPCB Maharashtra Pollution Control Board

MW Mega Watts

NCAP National Clean Air Programme 

NGO Non-Governmental Organisation

NMC Nagpur Municipal Corporation

NOx Nitrogen oxides

O3 Ground level Ozone

OECD  Organisation for Economic Co-operation and Development

Pb Lead

PM Particulate Matter

SO2 Sulphur dioxide

UNEP United Nations Environment Programme

USD United States Dollars

VOC Volatile Organic Compound 

WHO World Health Organisation

Abbreviations and Acronyms 
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1. PROJECT RATIONALE
Children deserve outdoor play. Through playing out, children can also 
build physical and practical skills that help develop life skills.

Playing helps improve the ability to assess risks, have good judgement 
and problem-solving skills and above all develop social skills that help 
you through life. Teamwork is the essence of play that teaches how to 
react to new and challenging situations. 

However, play requires safe spaces so children are not at risk. This 
includes safe enclosures away from traffic and clean air. Children are a 
high-risk group as far as air pollution is concerned, their lungs are still 
growing because play is high impact, they breath more air during the 
process of play and if the air in polluted they breathe more polluted air. 

The Schools for Clean Air project was conceptualised with the view 
to help engage communities most closely associated with children- 
their parents, their teachers and the school as whole in creating clean 
air environments for play. The idea is that schools learn to monitor 
air quality and help provide safe environments for children to play by 
providing either adaptation or mitigation mechanisms that help to 
reduce air pollution.
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2.  AIR POLLUTION AND CHILD 
HEALTH
Children spend a significant amount of their days’ time in the schools, i.e., 6 to 
8 hours daily. In school, they spend time outdoors in playing during the games 
period, breaks and even before and after the school timings. In the school hours 
they might get exposed to polluted air from the surroundings. Since children are 
a vulnerable group, a long-term continuous exposure to harmful pollutants may 
lead to severe health consequences, it is thus essential to prescribe clean air to 
them. 

During playing and physical activities, children breathe faster and take in more 
air and, with it, more pollutants. Air pollution is linked not only with diseases that 
kill, but also with poor health and morbidity among millions of children. It causes 
difficulty in breathing. Studies show it can cause wheezing, coughing and phlegm 
production and can even be linked with asthma, bronchitis, airways inflammation 
and even eye irritation.[1]

Air pollution has been found to harm the cognitive development among school 
children, lower attendance rates in school and even lower academic achievement 
rates. [1]

According to the World Health Organisation, 9 out of 10 children globally do 
not breathe clean air.[2] As much as half of all lung infection deaths in children in 
Lower- and Middle- income countries are due to air pollution. In these countries 
even if that baby survives childhood, the daily damage done to the brain, lungs, 
heart will limit its chances of growing into a heathy and productive adult.[3][4]
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3.  UNDERSTANDING AIR 
QUALITY

Air pollution 
Air pollution occurs when harmful or excessive quantities of 
substances including gases, particles, and biological molecules 
are introduced into the Earth’s atmosphere. It occurs due to some 
natural processes and mostly due to human activities. The man-
made sources include vehicle tail pipe emissions, stacks from 
industries, power stations, incinerators, landfills, etc. Natural sources 
are wildfires, volcanic activity and allergens, to name a few. [5]

A pollutant is a chemical substance that can have severe effects 
on the ecosystems and on human health. A pollutant and can be 
gaseous in nature or can even be suspended solid particles or 
liquid droplets. Pollutants can be basically classified as primary and 
secondary. Primary pollutants are released into the atmosphere 
directly due to the processes like vehicular emissions, volcanic 
eruptions; while secondary pollutants are not released directly. They 
are rather created by interaction of two or more primary pollutants. 
Some pollutants can be both primary and secondary like being 
emitted from a process directly and created from the interaction of 
two primary processes. [5]

Few examples of the Primary pollutants that are directly released 
into the atmosphere are Carbon dioxide, Carbon monoxide, 
Sulphur dioxide, Nitrogen oxide, Volatile Organic Compounds 
(VOC), Particulate Matter, Toxic heavy metals, Chlorofluorocarbons, 
Ammonia, Radioactive pollutants, and Odours from garbage, 
sewage, and industrial processes. Secondary pollutants created by 
the interaction of primary pollutants are Smog, Ground-level Ozone. 
[5]

When it comes to outdoor air quality, there are several parameters 
that contribute and influence the quality of air we breathe. 
Increase in the concentrations of some gasses like Sulphur dioxide, 
Nitrogen oxides, Carbon monoxide, Ground level Ozone, Aerosols 
like Particulate Matter and heavy metals like Lead (Pb), in the 
ambient space can be harmful to human health.[6] Human induced 
processes like combustion for power generation and transportation, 
agriculture, industrialisation, etc. have led to the increase in the 
level of these pollutants globally.  

Apart from the type of sources, meteorological factors like weather, 
wind pattern, humidity, sunlight, precipitation etc. and geographical 
factors like topography influence the quality of air.[7]  
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3.1 Air Quality Standards

3.2 Air Quality Index (AQI)[6]

Under the authority of the Air (Prevention and Control of Pollution) Act of 1981, 
In India, Central Pollution Control Board (CPCB) sets national ambient air quality 
standards as step to curb the rise of air pollutants. CPCB is also responsible 
for both testing air quality and assisting governments in planning to meet such 
standards. State Pollution Control Boards are permitted to set stricter standards 
than those in effect nationally.[8] 

The World Health Organization (WHO) independently sets recommended limits 
for health- harmful concentrations of key air pollutants both outdoors and inside 
buildings and homes, based on global synthesis of scientific evidence.[9]

According to CPCB, an Air Quality Index is an overall scheme that transforms 
weighted values of individual air pollution related parameters (SO2, CO, visibility, 
etc.) into a single number or set of numbers. Specifically, it establishes the 
relationship between human exposure, health effects, and air quality.

AQI is used by government agencies to communicate to the public how polluted 
the air currently is or how polluted it is forecast to become. Public health risks 
increase as the AQI rises. Concentrations of different pollutants like Particulate 
matter (PM10 and PM2.5), Oxides of Sulphur and Nitrogen (SO2, NO, NO2), 
Ground level Ozone, Carbon Monoxide (CO), etc. are measured to calculate the 
AQI.

AQI also helps governments and decision makers to frame policies and action 
plans to better manage the air quality.

Table 1:  Comparison of National Standards and WHO Standards for 
Particulate matter[9] [10]

National Standards WHO Standards

PM 2.5 PM 10 PM 2.5 PM 10

Annual mean 
(µg/ m3)

40 60 10 20

24-hr mean 
(µg/ m3)

60 100 25 50
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Table 2: Health Statements for every AQI category[6]

AQI Range Category Associated Health Impact

0 - 50 Good Minimal Impact

51 - 100 Satisfactory Minor breathing discomfort to sensitive people 

101 - 200 Moderately 
Polluted

May cause breathing discomfort to the people with lung 
diseases such as asthma and discomfort to people with heart 
diseases

201 - 300 Poor May cause breathing discomfort to people on prolonged 
exposure and discomfort to people with heart diseases

301 - 400 Very Poor
May cause respiratory illness to the people on prolonged 
exposure. Effect may be pronounced in people with lung and 
heart diseases

401 - 500 Severe

May cause respiratory effects even on healthy people and 
serious health impacts on people with lung/ heart diseases. The 
health impacts can be experienced even during light physical 
activity

CENTRAL POLLUTION CONTROL BOARD 
(CPCB) AND THE STATE POLLUTION 
CONTROL BOARDS WEBSITES

SAFAR- INDIA AIR QUALITY SERVICE 
APP RUN BY THE MINISTRY OF EARTH 
SCIENCES, GOVT. OF INDIA

VAYU ANDROID AND IOS APP DEVELOPED 
BY CLEAN AIR ASIA (CAA) INDIA

Where to check my city’s Air Quality 
Index (AQI)?

VALUE AIR YOU USE
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4.  AIR POLLUTION EXPOSURE 
AND VULNERABLE GROUPS
Air pollution is considered as one of the major risk factors for several 
pollution-related diseases. They affect the individual’s respiratory system and 
cardiovascular system causing respiratory infections, heart diseases, and even 
stroke. 

Everyone is exposed to air pollution in the ambient space, but some groups of 
people may be more susceptible to the harmful effects of air pollutants than 
others. Several epidemiological studies have identified the strong association 
between air pollution and health outcome, highlighting some groups and 
subgroups more susceptible as compared to others.

Following characteristics of populations have been associated with increased 
susceptibility to air pollution related health effects[11]:

Life Stages Pregnancy Pre-existing diseases

Socio- economic status Other characteristics
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4.1 Life Stages
Of all the life stages, the children 
and elderly populations are the most 
susceptible to air pollution health effects. 

As compared to the adults, children 
spend more time outdoors. They do more 
physical work and breathe faster, taking 
in more air and, with it, more pollutants. 
This increases the Air Pollution dose per 
lung surface area. Moreover, they have 
an immune system which is not fully 
developed making them more susceptible 
to health effects of air pollution.

In the other case, Elderly adults have a 
gradual decline of multiple physiological 
problems with age. They have accelerated 
decline in lung function and also in the 
effect of the immune system. Elderly 
adults also have a high chance of having 
a pre-existing disease and thus form a 
vulnerable group for health effects due to 
air pollution.

4.2 Pregnancy
In Pregnancy, both mother and the to-
be-born child are susceptible to air 
pollution health effects. Studies show 
Air pollution can influence women’s 
reproductive health, specifically menstrual 
cycle characteristics, oocyte quality, and 
risk of miscarriage, and increase in risk 
of pregnancy complications. Before the 
baby is breathing the first breath, it is 
being harmed by the toxins its mother 
is inhaling. The child may have high risk 
of developing neurological disorder, 
autism and asthma at birth. The WHO 
claims there is emerging evidence for 
associations between exposure to air 
pollution and other outcomes, such 
as stillbirth and infants born small for 
gestational age

4.3 Pre-existing 
disease
Studies show people having pre-existing 
diseases are also more susceptible to 
harmful effects of air pollution. People 
having diseases like Diabetes, Asthma and 
cardiovascular ailments are more prone to 
health implications even to mild exposures 
of air pollution. 

4.4 Socio-economic 
status
Socio-economic indexes depends on 
variety of factors like income, education, 
occupation and living standards. 

People belonging to the lower socio- 
economic strata often have poor lifestyle 
or poor standards of living. These are the 
people having high smoking/ drinking 
habits, limited access to healthy food and 
medical care. They have thus high chances 
of pre-existing diseases, and pose a high 
risk of mortality and morbidity.  

People living in poor neighbourhoods and 
slums, especially the homemakers are 
also exposed to high levels of indoor air 
pollution due to the use of biomass as a 
fuel for cooking and heating applications. 
Improper ventilation infrastructure, poor 
interior design aggravates the air pollution 
effects. 

4.5 Other 
Characteristics
Other characteristics for increasing 
susceptibility to health effects of air 
pollution are obesity, gender, diet pattern, 
smoking habits, ethnicity etc. Independent 
studies prove these factors also play a 
vital role in increasing the vulnerability of 
the person.
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5.  WHY CHILDREN?
Children are our future. Societies that invest in the health and wellbeing of 
the children, making them achieve their potential, thrive. Breathing harmful 
substances at developing stages of various organ systems have a potential 
danger of chronic diseases and irreversible damage to the health. 

5.1  Impact of Air Pollution on Child Health
As stated earlier, children are a vulnerable group due a high air pollution dose 
per lung surface area and having an immune system which is not fully developed. 

Since the major organ systems like the respiratory system is still developing 
in children, many researches around the world tell exposure to air pollution 
at an early stage can be associated with respiratory risks like chronic cough 
and bronchitis, reduced lung function, wheezing, asthma attacks, acute lower 
respiratory infections etc.[12]

Apart from Respiratory risks, Air Pollution can also be responsible for cognitive 
damage, that is lowering of a child’s ability to learn. This means children exposed 
to air pollution will struggle at school and growing up stages, and will fail to 
reach their full potential.[13]

In addition to this, several other chronic diseases and ailments that can be 
associated to long term exposure of air pollution at an early stage are-   

•   Neurological disorders   •   Childhood obesity   •   Pneumonia   
•   Otitis media   •   Childhood cancers etc.

Figure 1: Development of the respiratory system and Air Pollution risks [12]
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5.2 Impact on the future
The global population is rising, and the largest increase in population between 2019 
and 2050 will take place in India[14]. Around the year 2027, India is projected to overtake 
China as the world’s most populous country[14], with majority of the population between 
25- 59 years. The 25- 59 years band is also the where a major working- age population 
falls and thus is an asset to any country.[15] [16]

India is a Lower middle- Income Country and the children from the Lower- and Middle-
income regions of the world are the most exposed to potentially hazardous substances. 
If children are exposed to harmful effects of air pollution now, the consequences of 
their exposure – through inhalation, ingestion or in utero – can lead to chronic illness 
and other health burdens that will last a lifetime. If a high volume of children become 
vulnerable now, the working- age population in the years to come will have a high 
chance of chronic pre-existing diseases. This will not only decrease the efficiency of 
the working- age population, but will also become an increasing disease burden and 
eventually affecting the economy. 

Demographic dividend is a boost in economic productivity that occurs when there are 
growing numbers of people in the workforce relative to the number of dependents. It 
occurs when the proportion of working people in the total population is high because 
this indicates that more people have the potential to be productive and contribute to 
growth of the economy. With a projected increase of working age populations having 
disease burden in the Lower- and Middle- Income nations, countries like India will lose 
the potential to reap a demographic dividend.

Figure 2: Global population by broad age group, 1950-2050 [15]
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6.  ABOUT THE PROJECT
  SCHOOLS FOR CLEAN AIR,  

Clean Air: Healthy Space (CAHS)

With the increasing amount of thrash in the streets, pollution in the air and 
devastating news on the television, it is time for some extreme revamping. In 
the absence of clear strategies to battle air pollution, there is a need for driving 
public engagement so that people can ask for clean air.

The major issues that are not discussed in the context of clean air are the 
impact of bad air on the health sensitive groups which include children in all 
communities. They are more vulnerable to respiratory and mental health issues 
related to bad air due to exposure to unclean cooking, living in areas near 
industries and heavy traffic. In such a situation, education plays a major role.

Clean Air Asia (CAA) in India believes in the philosophy of ‘Children of today are 
leaders of tomorrow’. We plan to raise awareness and empower children, their 
teachers, and their parents on the ways to reduce hazardous exposure. CAA’s 
goal is to include every school in India and work with the children to educate 
them on the need for clean air as children and child health is the focus of our 
education and outreach work in India. 

CAA rallies for change and taking actions by increasing awareness of simple 
steps that can make a difference. The air pollution has been increasing at 
an alarming rate; we plan to help reduce the exposure through proactive 
involvement of children, by assessing the health impact of bad air quality in near 
schools, 
identifying 
its sources 
and related 
impacts and 
create clean 
air spaces.

Figure 3: Clean Air for Healthy Children Portal
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Addressing Air Pollution in 
Nagpur  
Nagpur, also famous as the Orange city, is located in the 
central part of India. It has the Zero Mile stone, marking 
the geographical centre of India. Nagpur is also known 
for the nature and wildlife sanctuaries, and national 
parks which surround the main city. 

In the last half a decade, Nagpur has witness exponential 
developmental activities, with the city burgeoning 
and urban jungles shrinking. The multimodal cargo- 
hub, MIHAN being set up, Industries sprawling in the 
MIHAN- SEZ- MIDC belt, expansion of thermal power 
plants in the city’s air shed, metro rail construction and 
concretisation of major roads are to name some. All 
these activities have led to the degradation in the city’s 
air quality. 

Nagpur is now counted in the most polluted cities of 
Maharashtra. Under the National Clean Air Programme 
(NCAP), it has been classified into the category of 122 
non- attainment cities in India, which are having high 
levels of air pollution. 

Major sources of air pollution in Nagpur[5] [17]are:

• Industries
• Thermal Power plants
• Vehicular emissions
• Waste burning
• Resuspension of road-side dust
• Construction dust

To monitor the ambient air quality, currently Nagpur has 
just 1 Continuous Ambient Air Quality Monitoring station 
(CAAQMS) operated by the CPCB, and 4 manual air 
quality sensors operated by the Maharashtra Pollution 
Control Board (MPCB). 3 more CAAQMS are proposed 
by CPCB to form a network of monitoring station. 

To curb air pollution, Nagpur Municipal Corporation 
(NMC) has prepared an air action plan, involving as 
many as 20 stakeholders. Many NGOs and international 
organisations like Clean Air Asia are helping stakeholders 
by building their capacities in air quality management 
and curbing the air pollution. Nagpur in 2019 became 
a BreatheLife city, which is a joint initiative of WHO, 
UNEP and Climate and clean air coalition to bring cities 
on an international learning platform and to commit for 
cleaning the city’s air.  
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6.1  Need to Monitor Air Quality in School 
Campuses

Government regulatory and meteorological institutes like CPCB, State Pollution 
control Boards, Indian Meteorological Department (IMD) etc. monitor the 
air quality in different cities across the country. In the case of a network of 
monitoring stations, like in New Delhi, the aggregate data is projected as the 
city’s Air Quality Index (AQI). In cities like Nagpur, the data recorded from a 
single CAAQMS is extrapolated to give a larger picture of the city’s AQI. In reality, 
the air quality parameters vary across different regions, depending on the source, 
distance from the source, meteorological influences and several other factors. So, 
even if the data from governmental agencies is available, it does not serve the 
purpose. 

To monitor and analyse ambient air quality in the school environment, under 
the Schools for Clean Air project, Clean Air Asia has strategically selected 
schools in prime cities across the country. In cities New Delhi, Agra, Nagpur and 
Bhubaneswar Clean Air Asia in collaboration with Phoenix Robotix have installed 
air quality sensors in the school campuses.

Figure 4: Cities where AQ sensors are deployed in schools by CAA
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Deployed sensors can measure the precise concentrations of suspended particulate 
matters, PM10, PM2.5 and PM1. Based on the concentration recorded, Air Quality Index 
is generated. A public portal has also been developed to understand the quality of air, 
providing the following insights:

• Real- time data from the monitors

• Air Quality Index of the ambient space

• Suggestions in the form of Do’s and Don’ts 
depending on the range of AQI

Places where students spend most of their outdoor 
time like playgrounds, and where interaction of 
students with the sources of pollution occurs like 
the main gate, parking lots etc. were identified as 
ideal locations to install the sensors. Depending 
on the area of the school campus and the risk 
of exposure, 2 to 3 sensors are deployed in each 
school.

Figure 5: Placement of sensors in St. 
Peter’s school, Agra

Figure 6: Suggestions in the form of simple Do’s and Don’ts on a good day (Peter’s school, 
Agra)
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6.2 Perception survey in Nagpur schools

Perception Surveys are often conducted to understand the reactions of the 
people to their surroundings and environment. They are used to find out the 
problems, asses need, analyze trend and establish a baseline. Though surveys 
are conducted to analyze the past or predict the future it can often be used 
to just collect information. Perception Surveys are deemed important because 
they give us an idea of people’s behaviours as it based on their perception 
of their surroundings. They are helpful to identify the gaps and provide 
recommendations wherever deemed necessary to bridge between the saying 
and practice. 

In tandem with the Clean Air: Healthy Space (CAHS) project, A perception survey 
was conducted in two schools of Nagpur where the sensors are deployed – 
Modern School, Koradi road and St. Ursula’s School. The objective of the survey 
was to assess the students’ awareness on air pollution, its environmental and 
health impacts, and to study the health implications of the school’s ambient air 
quality. 

As children belonging to early adolescence are still developing their lung 
capacity, they are vulnerable to the respiratory risks associated to air pollution. 
From both the schools, students of the Middle School were chosen for the 
survey. The children belonging to this age group have spent a significant number 
of years in the school and can also express their opinions in a better way.
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Table 3.: Growth stages at different School level

School Level Class Age Growth Stage

Pre- Primary School

Nursery 3 - 4 years

Young ChildLower KG/ KG-1 4 - 5 years

Upper KG/ KG-2 5 - 6 years

Primary School

1st Std 6 - 7 years

School- Age Child

2nd Std 7 - 8 years

3rd Std 8 - 9 years

4th Std 9 - 10 years

5th Std 10 - 11 years

Middle School

6th Std 11 - 12 years

Adolescent

7th Std 12 - 13 years

8th Std 13 - 14 years

Secondary School
9th Std 14 - 15 years

10th Std 15 - 16 years

Senior Secondary 
School

11th Std 16 - 17 years

12th Std 17 - 18 years

The survey was carried out in English and garnered a total of 1313 responses, 483 
responses from Modern school and 830 responses from St. Ursula’s. 

The survey questionnaire had 4 sections covering student’s general information, 
knowledge on the issue of air pollution, pollution in school environment and health 
related questions. Every section had some questions which formed crucial indicators 
for the analysis. The case studies of the two schools will provide a detailed analysis and 
findings of the survey.
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7.  CASE STUDY: MODERN 
SCHOOL, KORADI ROAD
7.1  Background
Modern School is situated in the outskirts of Nagpur city at around 10kms away 
on Koradi Road. It was started in the year 1991 as a co-ed CBSE school offering 
education in English medium from 1st to 12th standard. The school also runs a pre-
primary unit under the name of Jingle Bells Kindergarten. 

7.2 Introduction
The school was selected for deploying air quality sensors, as two of Vidarbha’s 
major coal-based thermal power plants are situated in its vicinity. The emissions 
coming from the power plants may degrade the air and have a detrimental 
impact on the health of around 2300 children studying here. The two thermal 
power plants namely Koradi Thermal Power Station (KTPS), with a total installed 
capacity of 2400MW and, Khaparkheda Thermal Power Station with a total 
installed capacity of 1340MW are located in a radius of under 8 Kms from the 
school. KTPS, having a larger capacity amongst the two is situated threateningly 
near the school. 

Figure 7: Location of Modern School, Koradi unit in the close proximity of thermal 
power plant (Clicked by Vaibhavraj Dhotekar, YCAN volunteer) 
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7.3 Air pollution near the school
In the perception survey, around 85 percent of respondents agreed to the statement 
that they feel air pollution near the school. 

When asked about the major source of air pollution near the school, most of the 
respondents were aware of the power plant causing pollution. A significant number of 
respondents also attributed vehicles and roadside dust as the major source of pollution. 

In the school, three sensors are deployed to 
monitor the air quality.

The sensor is placed at each of the following 
sites:

• The Main gate

• The Playground

• The Jingle Bells unit

Figure 8: Placement of sensors at 
Modern School, Koradi unit

Figure 9: Response to air 
pollution around school Figure 10: Response to sources of air 

pollution near the school

85.7%
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No
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22.5%
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7.6%
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Power generation plants/

industry

Unit burning of fuel/Biomass

Waste of disposal/Burning

Roadside dust

Other

3.4%

7.4 Air quality trends in the school

7.4.1 Season- wise trends

Since the time of the deployment, air quality data of 16 months is recorded by the 
sensors. The following curves show the trends in concentrations of the pollutants 
Particulate Matter (PM2.5 and PM10) in the ambient school space with respect to the 
national standards.



Page: 24

The curves show the concentration of the pollutants (PM2.5 and PM10) in the months of 
November 2018 to February 2020. As the level of concentration of pollutants decreases, 
the quality of air improves. 

The trends indicate in the winter months, from November to February, the air quality 
is significantly poor as compared to the rest of the year. The concentration of the 
pollutants PM2.5 and PM10 in the two winter seasons, either crossed or teased the line 
denoting the average annual national standards. As the spring season approaches, the 
air quality improves a bit as the concentration of pollutants went down. With the onset 
of summer, the concentration of pollutants went further down, improving the air quality. 
Rainy season months had the best air quality as per the trends. 

In the winter months when the air quality considerably degraded, especially in the 
months of December and January, the concentration of pollutants PM2.5 and PM10 was 
near to the double of national average annual standards. 

Figure 11: PM2.5 trends round the year  

Figure 12: PM 10 trends round the year

 

0

10

20

30

40

50

60

70

80

Nov'
18

Dec'
18

Jan'
19

Feb'
19

Mar'
19

Apr'
19

May'
19

Jun'
19

Jul'
19

Aug'
19

Sep'
19

Oct'
19

Nov'
19

Dec'
19

Jan'
20

Feb'
20

PM 2.5 trends  

PM 2.5 National standard

 

0

20

40

60

80

100

120

Nov'
18

Dec'
18

Jan'
19

Feb'
19

Mar'
19

Apr'
19

May'
19

Jun'
19

Jul'
19

Aug'
19

Sep'
19

Oct'
19

Nov'
19

Dec'
19

Jan'
20

Feb'
20

PM 10 trends 

PM 10 National standard



Page: 25

Figure 13: PM10/PM2.5 trends in winter months

Figure 15: Response to seasonal 
variation in Air Pollution
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The rise in the concentration of pollutants 
in the cold season can be explained by an 
interesting phenomenon called ‘Temperature 
inversion’. The increased amount of Biomass 
burning in this season also contributes to bad 
air.  

On a contrary, as per the perception survey, a 
considerably high number of students believe 
that the air quality is all the same throughout 
the year or summer months has the highest 
concentration of pollutants in the air. Close to 
one-quarter of respondents believed that the 
air quality is the poorest in winters. 

During summers, the lowest 
layer of the atmosphere is 
warmer and lighter as compared 
to winter, which makes it easy 
for air to rise upwards. As a 
result, the pollutants are carried 
away from the breathable 
space. However, during winters, 
the air near the atmosphere of 
the earth is dense and cooler. 
The warm air traps the cool air 
and forms a kind of atmospheric 
lid. This phenomenon is called 
as inversion. 

Warmed air parcels rise from 
the ground, but once they reach 
the inversion, they stop, and 
can only spread out along the 
bottom of the warm layer. The 
pollutants thus are restricted in 
a limited volume and stay in the 
breathable space. Hence the air 
quality is poor in winters than 
in the summers. However, in the 
rainy season, the precipitation 
suppresses the suspended 
particles in the air to the 
ground, thus cleaning the air. 

Figure 14: Temperature Inversion 
(source: The weather network)
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7.4.2 Day’s air quality trends

Since students spend a limited number of hours in the school, it is imperative to analyse 
the air quality of those active working-hours of the school. The students are present in 
the school premises from 7am to 2pm. The following curve depicts the day’s air quality 
trends – 
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Figure 16: Day trends for PM 2.5 and PM 10 levels

As the concentration of pollutants decrease, quality of air improves. A general trend 
was followed that with the presence of sunlight in the day time, air quality was better. 
It is evident from the trends that the air quality gets better in the second half of school 
time. 

This trend can also be linked to the relation of concentration of particles in the air with 
the temperature; during the night, cold air settles closer to the ground, in the breathable 
space due to the lack of heating from the sun. This stagnant air helps the pollutants to 
accumulate. The case is the opposite during the day. As the sun rises and heats up the 
atmosphere, due to convection the air expands. As the air expands, it slowly rises and 
takes away the polluted air and improves the air quality. 

However, around three-fourth of the respondents said they feel that the air quality is 
better in the morning hours.

It is quite natural to associate poor air quality with a cloud of visible smoke. As human 
activities increase in the day, the air quality should ideally degrade. But in addition to 
the source of the pollution, it is the accumulation of the pollutants in the breathable 
space that worsens the ambient air quality and it usually happen in the cooler hours of 
the day.  
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No di�erence

Air quality in the 
morning is better

Air quality during
lunch break is better

76.4%

15.9%

7.7%

Figure 17: Response to awareness on Air 
Pollution levels during the day

The sudden rise in the curve during the morning school hours, especially in the 7 – 8 am 
bracket can be attributed to the vehicular pollution. In the morning the traffic clutter at 
the opening time of schools, makes drastic impacts on air quality. It indicates the effect 
of tailpipe emissions coming from busses, auto-rickshaws, vans and private vehicles that 
drop students to the school on the air quality. 

Since the school is located away from the city, students living far away from the school, 
prefer to use the bus facility provided by the school administration. Most of the parents 
living not far away from the school consider sending their kids by auto-rickshaws and 
vans. This type of transport in general can occupy 6 to 8 children per trip. Around 15 
percent of the students come to school by private vehicles of their parents. Only a small 
number of students, who must be living very close by walk or cycle to the school. 

Figure 18: Response to Transport to school  
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7.5 Awareness of students on air pollution

Some questions in the perception survey were indicators of the level of 
awareness of the students on the issue of air pollution. 

7.5.1 Awareness about various pollutants

7.5.2  Air pollution as a 
societal issue

7.5.3  Monitoring of air 
quality

Figure 19: Response to awareness of the different pollutants
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7.5.4  Measures to reduce air 
pollution

These questions were aimed to understand how aware the students are on the issues 
concerning air pollution. It can be inferred from the answers that there is a scope of 
improvement for awareness among the students. All of the students must be aware of 
what effects is air pollution causing on the environment and our health. They must know 
who monitors the air quality in the city, what is the AQI and should also be aware on 
how to interpret the AQI. 

Furthermore, students should think of possible solutions to curb air pollution and what 
they can do at their level to reduce the pollution.

7.5.5  Health impacts of air 
pollution

Figure 22: Response to measures 
to reduce air pollution

Figure 23: Response to awareness of 
health impacts of air pollution
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7.6 Health impact on the students

The survey was conducted also to study whether the students face any 
respiratory health-related problems in the school space. The health section of 
the questionnaire had a series of questions similar to a preliminary evaluation 
by any expert Pulmonologist to get a background idea.

Figure 24: Response to Impact of Air Pollution (Irritation/ coughing and breathing issues)

Figure 25: Response to Impact of Air Pollution (Irritation in respiratory track)   
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Figure 26: Response to Impact of 
Air Pollution (Eye Irritation)

Figure 27: Response to Impact of 
Air Pollution (Breathlessness) -I

Students complaining about breathlessness were asked to tick one of the options of the 
following question. 

If you have a breathing problem, then answer tick one of the following options: 

1. I only get breathless with strenuous exercise

2. I get short of breath when hurrying on the level or walking up a straight hill

3. I walk slower than people of the same age on the level because of breathlessness, or 
I have to stop for a breath when walking on my own pace on a level

4. I stop for breath after walking about 100 meters or after a few minutes on the level

5. I am too breathless to leave the house or I am breathless while dressing or 
undressing

Figure 28: Response to Impact of Air Pollution (Breathlessness) -II                    
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7.7 Conclusion

The sensors show the overall air quality (in the context of PM10 and PM2.5 levels) 
in the school surrounding is comparatively satisfactory except for the winter 
months when it degrades significantly. 

There is a great scope of making the students aware of on- air pollution and 
its health implications and why they are a vulnerable group. They should 
have access to the real-time air quality of the local region. When in school, 
the suggestions based on the real time air quality can be useful in making 
them aware and educating them to protecting themselves in episodes of high 
pollution. Students can also be given projects and assignments to make them 
more curious under this subject and further involve them in action to resolve the 
issue. 

As per the recorded readings, the sensors show no direct threat of the emissions 
from the powerplant to the school children. However, more advanced sensors, 
which monitor several other pollutants can show more accurate concentrations 
of different pollutants in the ambient school space.

It can be inferred that many students complain about breathing problems, 
irritation in the respiratory tract and breathlessness. Most of the problems can be 
attributed simply to season/ weather change, presence of pollens in the outdoor 
environments, excessive physical exercises, etc. However, some issues can be 
linked to a consistent exposure to a poor air quality. For students having extreme 
breathlessness issues, they are advised to consult an expert Pulmonologist and 
get a lung function/ peak flow test conducted. The lung function or a peak 
flow test can also be conducted in the schools with a consultative session for 
maintaining a good respiratory health.

Moreover, children should always take preventive measure like covering the nose 
with standard masks and maintain proper hygiene.
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8    CASE STUDY: ST. URSULA 
SCHOOL, CIVIL LINES

8.1 Background
St. Ursula High School & Junior College is situated at Civil Lines, in the heart of 
the Nagpur city. Founded in 1857, it is one of the oldest schools in central India. 
St. Ursula’s is a girl’s school offering education in English, Hindi and Marathi 
medium from 1st to 12th standard under Maharashtra State Education Board. 

8.2 Introduction
The school was selected for deploying the air quality sensors, as it lies in a 
congested area right in the heart of the city. Although the school is situated 
away from residential colonies, the region is one of the busiest as a lot of city’s 
administrative offices are situated nearby. Vehicular movement near the school is 
at its peak in the office hours. 

In the school, two sensors are deployed to monitor the ambient air quality. The 
sensor is placed at each of the following sites:

• The Main gate

• The Assembly Ground

Figure 29: Placement of sensors at St. Ursula’s, Civil lines unit
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8.3 Air pollution near the school
In the perception survey, less than half of the respondents (45%) felt that they feel air 
pollution near the school. 

8.4 Air quality trends in the school

8.4.1 Season- wise trends

Since the time of the deployment, air quality data of 16 months is recorded by the 
sensors. The following curves show the trends in concentrations of the pollutants 
Particulate Matter (PM2.5 and PM10) in the ambient school space with respect to the 
national standards. 

When asked about the major source of air pollution near the school, most of the 
respondents were aware of the vehicular emissions causing air pollution near the school. 
A significant number of respondents also attributed roadside dust as the major source 
of pollution near the school. 

Figure 30: Response to air pollution around school

Figure 31: Response to sources of air pollution near the school
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The curves show the concentration of the pollutants (PM2.5 and PM10) in the months of 
November 2018 to February 2020. As the level of concentration of pollutants decreases, 
the quality of air improves. 

The trends are similar to that of Modern school. In the winter months, from November 
to February, the air quality is significantly poor as compared to the rest of the year. The 
concentration of the pollutants PM2.5 and PM10 in both the winter seasons crossed the 
line denoting average annual national standards. As the spring season approaches, the 
air quality improves a bit as the concentration of pollutants went down. With the onset 
of summer, the concentration of pollutants went further down, improving the air quality. 
Rainy season months had the best air quality as per the trends. 

The phenomenon of ‘Temperature inversion’ can be linked to the winter months when 
the air quality considerably degraded, especially in the months of December and 
January. 

Figure 33: PM10 trends round the year
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Figure 32: PM2.5 trends round the year
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On a contrary, as per the perception survey, a considerably high number of students 
believe that the air quality is same throughout the year. Many respondents felt the air 
pollution is highest during summer months. Very less respondents believed that the air 
quality is the poorest in winters. 

Although Modern school is near to a major pollution source- the Thermal Power Plants, 
it can be observed that the air quality at St. Ursula’s school is poorer. In addition to the 
vehicular emissions, the accumulation of pollutants coming from different sources in the 
school’s ambient space may be a major contributing factor of the poor air quality.

Figure 34: PM10/PM2.5 trends in 
winter months

Figure 35: Response to seasonal 
variation in Air Pollution
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Figure 36: Day trends for PM 2.5 and PM 10 levels
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As mentioned in the earlier 
section, it is quite natural to 
associate poor air quality 
with a cloud of visible 
smoke. As human activities 
increase in the day, the 
air quality should ideally 
degrade. But in addition to 
the source of the pollution, 
it is the accumulation of the 
pollutants in the breathable 
space that worsens the 
ambient air quality and 
it usually happen in the 
cooler hours of the day.  

The rise in the curve during the morning hours, especially in the 7 – 10 am bracket can 
be attributed to the vehicular pollution. In the morning the traffic clutter at the opening 
time of the school and nearby offices, makes a drastic impact on air quality. It indicates 
the effect of tailpipe emissions coming from busses, auto-rickshaws, vans and private 
vehicles that drop students to the school on the air quality. 

Most of the parents living not far away 
from the school consider sending their 
kids by auto-rickshaws and vans. This 
type of transport in general can occupy 
6 to 8 children per trip. Students living 
away from the school, prefer to use the 
bus facility provided by the Municipal 
Corporation. Comparatively very a 
smaller number of the students come 
to school by private vehicles of their 
parents. Around 17 percent of students, 
who must be living very close by walk or 
cycle to the school. 

8.5 Awareness of students on air pollution
Some questions in the perception survey were indicators of the level of awareness of 
the students on the issue of air pollution. 
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Figure 37: Response to awareness on Air 
Pollution levels during the day
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Figure 38: Response to transport to schools

Figure 39: Response to awareness of the different pollutants  
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8.5.2 Air pollution as a societal issue

8.5.4 Measures to reduce 
air pollution

Figure 40: Response to responsibility 
of addressing air pollution
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Figure 42: Response to measures to 
reduce air pollution
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8.5.3 Monitoring of air quality

Figure 41: Response to who monitors 
the air quality in the city
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Figure 43: Response to awareness of 
health impacts of air pollution
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These questions were aimed to understand how aware the students are on the issues 
concerning air pollution. It can be inferred from the answers that there is a scope of 
improvement for awareness among the students. All of the students must be aware of 
what effects is air pollution causing on the environment and our health. They must know 
who monitors the air quality in the city, what is the AQI and should also be aware on 
how to interpret the AQI. 

Furthermore, students should think of possible solutions to curb air pollution and what 
they can do at their level to reduce the pollution.
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8.6 Health impact on the students

The survey was conducted also to study whether the students face any 
respiratory health-related problems in the school space. The health section of the 
questionnaire had a series of questions similar to a preliminary evaluation by any 
expert Pulmonologist to get a background idea.

Figure 44: Response to Impact of Air Pollution (Irritation/ coughing and breathing issues)

Figure 46: Response to Impact of 
Air Pollution (Eye Irritation)

Figure 47: Response to Impact of 
Air Pollution (Breathlessness)-I

Figure 45: Response to Impact of Air Pollution (Irritation in respiratory track)
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Students complaining about breathlessness were asked to tick one of the options 
of the following question. 

If you have a breathing problem, then answer tick one of the following options: 

1. I only get breathless with strenuous exercise

2. I get short of breath when hurrying on the level or walking up a straight hill

3. I walk slower than people of the same age on the level because of 
breathlessness, or I have to stop for a breath when walking on my own pace 
on a level

4. I stop for breath after walking about 100 meters or after a few minutes on the 
level

5. I am too breathless to leave the house or I am breathless while dressing or 
undressing

It can be inferred that many students complain about breathing problems, 
irritation in the respiratory tract and breathlessness. Most of the problems can be 
attributed simply to season/ weather change, presence of pollens in the outdoor 
environments, excessive physical exercises, etc. However, some issues can be 
linked to a consistent exposure to a poor air quality. For students having extreme 
breathlessness issues, they are advised to consult an expert Pulmonologist and 
get a lung function/ peak flow test conducted. The lung function or a peak 
flow test can also be conducted in the schools with a consultative session for 
maintaining a good respiratory health.

Moreover, children should always take preventive measure like covering the nose 
with standard masks and maintain proper hygiene.

33% 

20% 11% 

27% 

11% I only get breathless with strenuous exercise.

I get short of breath when hurrying on the level or
walking up a slight hill.

I walk slower than people of the same age on the
level because of breathlessness, or I have to stop
for breath when walking on my own pace on the
level.

I stop for breath after walking about 100 meters or
after a few minutes on the level.

I am too breathless to leave the house or I am
breathless when dressing or undressing.

Figure 48: Response to Impact of Air Pollution (Breathlessness) -II

DYNAMIC TIMETABLES DEPENDING ON THE 
REAL-TIME AIR QUALITY CAN HELP REDUCE THE 
EXPOSURE OF AIR POLLUTION TO THE CHILDREN
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8.7 Conclusion
The air quality of St. Ursula is comparatively poor to that of Modern school. It is 
the continuous accumulation of pollutants in the breathable space of the school 
which makes the air quality poor. 

Due to the location of school in a busy area, the sensors sometimes show a 
vulnerability of students to a high dosage of vehicular pollution. However, 
more advanced sensors, which monitor several other pollutants can show more 
accurate concentrations of different pollutants in the ambient school space.

There is a great scope of making the students aware of on- air pollution and 
its health implications and why they are a vulnerable group. They should 
have access to the real-time air quality of the local region. When in school, 
the suggestions based on the real time air quality can be useful in making 
them aware and educating them to protecting themselves in episodes of high 
pollution. Students can also be given projects and assignments to make them 
more curious under this subject and further involve them in action to resolve the 
issue. 
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9.  CONCLUSION AND 
RECOMMENDATIONS
This micro study has explored the exposure of children to air pollution during 
play hours in two schools of Nagpur city by deploying low cost sensors near 
the playgrounds in the schools. The study also looked at the perception of 
students to air pollution. Findings suggest that children are sometimes exposed 
to high AQI levels like 300+ during the play time, when they are engaged in high 
impact sports as well as just spending time outdoors. Some days show the PM10 
levels rising as high as 215 µg/m3 while PM2.5 levels have risen upto 155 µg/m3. 
However, there are good air days also. There are also times during the day as well 
as seasons during the year when air pollution peaks making the students more 
vulnerable. For example, in Modern school, 7 to 9 am generally has the highest 
levels of PM2.5 & PM10, and December and January are the months when air 
pollution peaks.

In terms of the student responses to our perception survey, there is little 
knowledge about policy interventions and who is responsible for air pollution 
regulations. Figure 41 shows that most respondents in St. Ursula’s school were 
unaware of the authorities responsible for monitoring the air quality. 

At an individual level we had expected awareness of how clean transport can be 
a solution especially in St. Ursula’s school where the playground is near the road 
and transport can be attributed as a cause of air pollution. However, there was 
little awareness of individual action like keeping vehicles well maintained, using 
public transport more etc. The responses on what students will do to contribute 
to clean air were more proactive with 34% committing to plant trees. 

This study shows the need to inform parents, teachers and schools the need for 
clean air and its correlation to healthy play. It highlights that good air quality in 
schools is central to the provision of a safe, healthy, productive, and comfortable 
environment for children especially for play when they are more active and 
involved in high impact activity like running and physical training. 

There is therefore a need to develop proactive policies and suggest actions that 
protect children from exposure to unhealthy levels of air pollution especially in 
schools where they spend a large amount of time. 

To achieve the goal of improving air pollution levels in play areas in schools Clean 
Air Asia has identified the following recommendations:

Recommendations for Individuals
It is important that children, parents and teachers are made aware of this critical 
issue and therefore can be involved in taking the right decisions that help reduce 
air pollution. One of the areas where children and parents can be involved is the 
transport to schools. In this context while people are aware of need to reduce 
private transportation, in the absence of schools transport private cars cannot be 
avoided. This is why there is a need for informing communities of options Some 
of these are mentioned below
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• Operation and Maintenance of Vehicles

• Use of Non-Motorized transport like cycling and walking

• Drop off and Pick up points away from the school to prevent idling near school area

• E- buses for school transport

Children’s exposure to ambient air pollution can be reduced by staying indoors and 
limiting physical exertion during peak hours and staggering play time to match clean air 
periods. There is a need to educate parents on the health benefits of staying indoors on 
bad air days visa vis health benefits of physical activity. 

More importantly, behavioral change requires adequate information. Schools need to 
monitor air quality and create a transparent process of information flow to parents and 
children so they improve understanding and make decisions that prevent air pollution 
exposure of their children. 

Recommendations for Schools
There is limited role that a school can play in reducing air pollution levels since 
resources are often limited and there are other pressing matters to be dealt with. 
However, making available air pollution information with the help of low-cost sensors 
and regular updates to parents will enhance understanding about exposure and when 
it is likely to be highest so the school can take decisions on whether or not to send 
children outdoors. Schools can also conduct surveys for assessment of sources of air 
pollution that may have originated within the school so they can find ways to address 
this. For instance, creating car free zones around the school, prohibiting the burning of 
waste on school grounds, adopting less polluting fuels in kitchens and the planting of 
trees to provide green infrastructure that may prevent the infiltration of some pollutants 
external to the school. 

Education is a key factor in improving awareness about issues such as air pollution. 
Schools can conduct awareness programmes for parents and children that not only 
informs them about the issue but also encourage their involvement and encourages 
action like switching to cleaner modes of transport.  Another simple example of school 
action as in the case of our schools would be that Modern and St. Ursula’s school can 
focus outdoor activities around the hours of when air pollution levels were lowest and 
avoid the hours of when air pollution levels were highest. This may however require go 
ahead from the schools’ board who are responsible for structuring of school. 

Recommendations to City Authorities
This is an example of a Micro Projects can be integrated into city air action plans as part 
of the public awareness component. This means that city authorities need to integrate 
school site selection into the air action plan so that all new schools built will take into 
consideration air pollution levels. Presently in India there is very little regulations with 
regard to school sites in terms of maintaining minimum distances from air pollution 
sources. Remedial or mitigating steps may include improving green cover or buildings 
and on a larger more futuristic mode school locations integrated within city frameworks 
like smart city to consider air pollution exposure. The city authorities can drive greater 
cooperation among agencies and involve national /local organizations creating healthier 
schools by creating examples of micro projects like this one that can demonstrate 
scientific knowledge, technical expertise and environmental data to identify solutions 
for air pollution. Finally acknowledging schools who create air pollution mitigation plans 
can motivate others to join the fight against air pollution.
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12.  ABOUT 
CLEAN 
AIR ASIA

Established in 2001 by the Asian Development 
Bank, the World Bank, and USAID, we are 
registered as an international non-governmental 
organization that leads the regional mission 
for better air quality and healthier, more livable 
cities in Asia. We aim to reduce air pollution 
and greenhouse gas emissions in 1000+ cities in 
Asia through policies and programs that cover 
air quality, transport, industrial emissions, and 
energy use. We work with ministries (energy, 
urban development, environment, health, and 
transport), cities in Asia, the private sector and 
development agencies to provide leadership and 
technical knowledge for Air Quality Management. 
Our headquarter is based in Manila and has 
offices in Beijing and New Delhi.

Our work in India involves engaging with Indian 
cities for better air quality management (AQM). 
This aligns with the overall CAA work program 
on broad air quality management (AQM)
interventions. Our expertise lies in providing 
scientific inputs to city governments for better air 
quality management, sustainable transport, low 
emissions urban development and education/ 
communication for clean air in India. The focus 
of our work in India is in cities with high impact 
potential, as well as potential for leveraging wider 
change.

We are supporting Indian cities in improving air 
quality management through capacity building 
and direct support to preparing air action plans. 
We have also launched the Clean Air Knowledge 
Network (CAKN), (www.allaboutair.in), a forum 
that connects AQ experts and practitioners from 
across India and city officials with an objective 
to promote knowledge-sharing across cities 
on AQ issues and share best practices. A major 
component of our India Program is education for 
better air quality. Our Youth Clean Air Network 
(YCAN) is volunteer program in which youth can 
passionately work together for better air quality.

In the past, the India team has worked on 
green freight and sustainable mobility projects, 
conducting walkability studies in Indian Cities, 
developing the Walkability app, the National Bus 
Fuel Efficiency Framework, the Green Trucks 
Toolkit for India, and an online freight brokerage 
platform.
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