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MY TALKING POINTS

e Allin-Wayra: Why Sensor Science
Needs Collaboration

e Field Application: Mobile PM..s
Exposure Monitoring

e Classroom Application: STEM Air
Quality Engagement

e KeyLessons




A COMPARISON OF HORNED LARKS COLLECTED INSIDE AND OUTSIDE OF
US INDUSTRIAL AREAS DURING THE EARLY 20TH CENTURY
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Source: BBC. https://www.bbc.com/news/science-environment-41557157



WHO IS MEASURING
AIR QUALITY TODAY? o
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MEASUREMENT IS NOW DISTRIBUTED
ACROSS MANY GROUPS

LOW-COST SENSORS HAVE
DEMOCRATIZED AIR MONITORING

BUT DISTRIBUTED MEASUREMENT
CREATES A NEW CHALLENGE ....

A DATA QUALITY AND
COMPARABILITY!




Allin-Wayra Steering Committee — Global Distribution by Region

e Allin-Wayra (“good air” /
“winds of change”)

e |GAC activity established
in 2023 to connect global
small-sensor efforts and
build a diverse, inclusive
community of practice for
responsible sensor use.

® Europe

® Americas
» Asia

® Africa

Contact us! : allin.wayra@igacproject.org



Global community-of-practice

coordination

Regional and international
workshops

‘ Expert webinar series
Conference sessions and
splinter meetings

Co-development of open
guidance resources

Allin Wayra
Small Sensors for Atmospheric Science




OPEN GUIDANCE ONLINE WEBINAR & WORKSHOP
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aire en America Latina
¢Qué tal un sistema de gestion de datos de cédigo
abierto, inclusivo, accesible e integrado para manejar
los datos de monitoreo de la calidad del aire?
De eso se trata el proyecto COMPASS!
Pero para que esto se haga realidad,
necesitamos saber cuales son tus
necesidades!

articulate matter and air sensors: the
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citizen scientists’ guide to air pollution
monitoring using small sensors
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Investigadores, técnicos, profesionales y
tomadores de decision involucrados con el
monitoreo del aire.
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npj | climate and atmospheric science Review

Pubizhead in pastnarship with CECCR at King Abdulaziz Linverssty 8

https:/idol org/10.1038/41612-025-01216-4

Evolving trends in application of low-cost
air quality sensor networks: challenges
and future directions

[ % cneck for updates

Evangelos Bagkis'* ., Amirhessein Hassani** -, Philipp Schneider®, Priyanka DeSouwza®,
Shobitha Shetty’, Theodosios Kassandros', Vasilleios Salamalikis®, Ndria Castel?, Kostas Karatzas®,
Ajit Ahlawat®® ) & Jibran Khan™* [ 2

“Evolving Trends” in the application of air quality low-cost sensors (LCS) (Bagkis et al. 2025)
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The 5 Pillars of Low-Cost Sensor Best Practice

| | C | - 1.Fit for purpose

2. Co-location &
calibration

3. Environmental
correction

4. QA/QC protocol
| | | | | 5. Transparent reporting




Field Application Case Study I:

Mobile PM,.s Exposure Monltorlng
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PM2.5 Exposure across different
Microenvironments

50
Total exposure = PM; (indoor + outdoor + transit)

-
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. Ambient PM, . exposure
Indoor Outdoor Transit '

The within-subject variability dominated for personal
exposure to PM_

Hsu et al. (2020), Environmental Pollution
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Environment International
LT Volume 116, July 2018, Pages 286-299

What the Street Taught Our Sensors

Review article 1) Response time lag

Applications of low-cost sensing e Sensors track rapid pollution changes
technologies for air quality monitoring  Fast movement = delayed peaks

and exposure assessment: How far 2) Inlet placement matters

e Body & bag position change airflow
 Small placement shifts - different readings

Morawska et al. (2018) 3) Humidity effects
e Strong impact in tropical conditions

have they gone?

e Always record environmental context

A B & DATA ) )
Sensor Ea Monitors Deployment 4) Splkes are Slgnals
D
# Gelerkion m)| v Individual m)| © Viewing » Short peaks reveal hotspots
V' Assessment Y Network v, Davemmglad o o Exposure patterns > absolute values
b v" Storing Analysis
LaDoxatory Stationary
Feld } Mobile ‘

Field behavior # Lab behavior

Wearable .
OUTCOMES




Low-Cost Sensors Are Powerful....
But Only When Science Is Shared!




CHILDREN EXPOSURE TO AIR POLLUTION -
EVERYTHING, EVERYWHERE ALL AT ONCE!

i Height differences Determinants exposure to traffic-related air pollution (Batterman, 2015):
" J ]
{ St i. mode of transport;
_— ii. meteorological conditions;
o0 0004 . . . .
‘ 1. proximity to traffic;
i ' . iv. current land use pattern (i.e., street layout, urban development, and traffic
E uooe
3 ! 0 patterns).
W = ¥
E " V. individual factors.
: PM
& L5, 2.5
10
......
@ Plume
.uLir.ll*.r-r.' II'-:rgn:r:iﬁ-ﬂ:' .
sarcia-Algar, 2015, Environmental Monitoring and Assessment
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Article
Exposure of Malaysian Children to Air Pollutants over the
School Day

1 zil]_i"

Eliani Ezani and Peter Brimblecombe

Department of Environmental and Occupational Health, Faculty of Medicine and Health Sciences,

Universiti Putra Malaysia, Serdang 43400, Selangor, Malaysia; elianjezani@upm.edu.my

2 Department of Marine Environment and Engineering, National Sun Yat-sen University,
Kaohsiung 80424, Taiwan

¥ Sehool of Environmental Sciences, University of East Anglia, Norwich NR4 7T], UK

*  Correspondence: p.brimblecombe@ueaacuk

Abstract: Children are sensitive to air pollution and spend long hours in and around their schools,
so the school day has an important impact on their overall exposure. This study of Kuala Lumpur,
Selangor and its surroundings assesses exposure to PM; 5 and NO,, from travel, play and study
over a typical school day. Most Malaysian children in urban areas are driven to school, so they
probably experience peak NO, concentrations in the drop-off and pick-up zones. Cyclists are likely to
receive the greatest school travel exposure during their commute, but typically, the largest cumulative
exposure occurs in classrooms through the long school day. Indoor concentrations tend to be high, as
classrooms are well ventilated with ambient air. Exposure to FM; 5 is relatively evenly spread across
Selangor, but NO; exposure tends to be higher in areas with a high population density and heavy
traffic. Despite this, ambient PM; 5 may be more critical and exceed guidelines as it is a particular
problem during periods of widespread biomass burning. A thoughtful adjustment to school approach

S e roads, design of playgrounds and building layout and maintenance may help minimise exposure.

updates
Citation: Ezani, E.; Brimblecombe, F. Keywords: NOy; PM; 5; Kuala Lumpur; classrooms; school playgrounds; urban roads; travel to

Exposure of Malaysian Children to school; drop-off and pick-up zones
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How can we transform
scientific evidence on
air pollution into
hands-on learning
experiences that
empower young people
to become informed,
data-driven advocates
for clean air?

Our study found that PM2.5 levels near school gates
during pickup hours were high!

Let’s investigate how students like Maurice can avoid
these peaks.....



Meet Maurice — A Student Just Like Yours
fictional student

r Hi guys!

Selamat pagi!
Saya Maurice!

Maurice lives only 500 meters from the school. Every morning, his
parents drive him to school, but in the afternoon, he usually walks
home on his own. Recently, Maurice has been experiencing
respiratory symptoms such as coughing and shortness of breath.
After a medical check-up, the doctor informed him that he is
sensitive to traffic-related air pollution. Concerned about his
health, Maurice wants to understand whether his school
environment and walking route are contributing to his symptoms.

To help him, we invited students to become 'Air Pollution Detectives'
o tasked with investigating Maurice's daily environment and

identifying the safest, cleanest route for him to take with the help of
wearable low-cost sensor




Theory of Planned Behavior (Ajzen, 1985)

Behavioural Attitude
beliefs and > towards
outcome behaviour
evaluations
Normative Subjective
beliefs and »| norm (social »| Behavioural > ,
S - : Behaviour
motivation to pressures) intentions
comply
=Y
Beliefs about Perceived e
ease/difficulty of »| Behavioural L

behaviour Control .




Inspiration

Clean Air
Detectives

Core Modules

D Analyse

ldentify

Translation of
Modules to the
Local Situation

Nrjuem

4 POLLUTION
o AIR DETECTIVES

A

am @ ™,
Situasi:

Maurice berumur 15 tahun dan bersekelah di SMK XY Z
sejak 2 tahun lalu. Maurice ke sekolah dengan menaiki

kenderaan ibu bapanya dan pulang ke rumah dengan
berjalan kaki. Jarak rumah Maurice ke sekolah adalah
kurang dari 500 meter.

Permasalahan:

Maurice mula mengalami penyakit sesak nafas sejak
akhir-akhir ini, simptom tersebut sudah lama
diglaminya. Simptom tersebut akan timbul setiap kali
Maurice pulang dari sekolah. Doktor telah memeriksa
tahap kesihatan Maurice dan mengesyaki bahawa
sistem pernafasan Maurice adalah sensitif terhadap
asap di persekitarannya.

PANGGILAN KECEMASAN!

AHLIDETEKTIF ALAM SEKITAR..
SILA BERTINDAK!

JABATAN KESIHATAN PERSEKITARAN & PEKER.JAAN,
FAKULTI PERUBATAN & SAINS KESIHATAMN
UNIVERSITI PUTRA MALAYSLA
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APAITU PENCEMARAN

_UDARA?
\

Satu keadaan pencemaran yang LT g,
berlaku sama ada di luar dan di dalam . 2.
bangunan disebabkan oleh agen kimia,

fizikal atau biologi yang boleh
menyebabkan kemudaratan kepada

kesihatan manusia dan perubahan iklim.

Tl LET

LT l
!iig.ﬁ:
P

Zarah Partikel
o (PMI10, PM2.5)

Gas pencemar (ozon, sulfur
O dieksida, nitrogen dioksida) 9 ﬂC:::D
Agen biologi CD a

D (wirus, kulat, bakteria) O o

O

Suhu, kelembapan relatif

86 students
aged 13-16
from non-science background

BAHAN PENCEMAR UDAFI'JIJ

JABATAN KESIHATAM PERSEKITARAN & PEKERJAAN,
FAKULTI PERUBATAN & SAINS KESIHATAN
UNIVERSITI PUTR.A MALAY S1A
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/AIR POLLUTION
DETECTIVES

KUMPULAN:

ARAHAN 1

Senaralkan sumber
pencemaran udara yang
berkemungkinan terdedah
kepada Maurice?
Myatakan sebab bagl
pemilihan jawaspan anda.

110 Markah} ' | |
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ARAHAN 2 — | s
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e
Catatkan bacaan daripada gajet pengukur pencemaran udara di: ;'.'.'_'
a) b) -
P25 FM2.5 *
Mitrogen dioksida Mitrogen dioksida
Ozon Dzon
Suhiu Suhu
Kelembapan Relatif Kelembapan Relatif
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n=86

1 Student Engagement & Enjoyment

Student Engagement and Enjoyment in the
"Air Pollution Detective" Activity

Found it Engaging @ Enjoyed Detective Role @ Want More Activities

@ Believe Students Can Improve Environment
100%

80%
60%
40%

20%

Neutral

— s R
Negative

O% o, .
Positive

2 Learning Impact
Learning Outcomes from the Activity

Sparked Interest @ Confident in Identifying Pollution

@ Believe Students Can Improve Environment

100%
80%
60%
40%

20%

Yes Not Sure No

0%



Hands-On Use of Low-Cost Sensors Was the Time Enough?

Sensor Easy to Use @ Found Better Route for Maurice

80%

Too Long
2%

60%
Just Right

28%

40%

20%

Too Short
70%

0%

No

Yes Somewhat



e Fit-for-purpose design matters more than device price
e Calibration, QA/QC, and context are not optional

e A story-based approach with Maurice’s case --> activity
more meaningful and relatable --> helped students stay
engaged and apply what they learned to real-life
problems

e Even with limited time and simple sensors, students
were able to collect, understand, and use air quality
data to recommend safer walking routes

e Small sensors can create big impact... but only when we pair
accessibility with good science and shared best practice!
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