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Background information

* Exposure to elevated levels of particulate matter (PM) is harmful to human health = cardiovascular, respiratory and neurological diseases'?

 City dwellers’ daily exposure to PM takes place in several indoor and outdoor microenvironments (MEs): e.g., residential home, office, multiple modes of transport.

* The conventional approach is to measure PM at fixed monitoring stations and assess related health risks; Limitation: No data on actual personal exposure.

* The recent trend is to use hand-held, wearable sensors with high accuracy to account for personal exposure under various pollution scenarios in the outdoor environment.3*>

Key knowledge gap
 Lack of realistic health risk data based on assessment of the integrated 24-hour daily personal exposure to PM across diverse indoor and outdoor MEs in cities.
Objective
 To study the personal exposure to PM & its components and to evaluate the potential associated health risks from continuous 24-hour personal exposure measurements in Singapore,
a major urban environment in Southeast Asia.
Novelty

 This work represents the first study of its kind conducted on the assessment of integrated personal exposure to PME (fine particles), PMM (ultrafine particles) and
its key component (black carbon) involving a multi-disciplinary, multi-institutional collaboration as part of the Global Alliance project.

Approach and Methods @ Results Office Worker University Student

: Travel by non-motorized vehicles | Travel by motorized vehicles Travel by public transport Travel by non-publictransport
(walking, cycling, e-scooter) (bus, taxi) (bus, bus + MRT) (car/taxi)

0@ Transport
* - Home
I Office/School
- Recreation
PRI TR a) Fig. 4: Daily time — activity patterns of study participants in diverse MEs.
2.0 I I I 2.0
0 50 100 150 200 250 300
| |—— Taxi Il Office/School Q 1.70
I car }__ =g:2§ation E - Q 1.60 : 36%
MRT+Bus [ |Transport s [ ] Recreation
@9 i . § — 157 Transport 119
L-—Tex i ze O I Home
Amber Skye ng Can = m . ]
oy P—— 2 :g I Office/School
o, pus| * @ Acceptable RQ
. ; -—— Cycling © 1.0 - B — — ~ B~~~ ~ ~ ~ T~ 1.0
Home /University Student e wetking | E ij
" MO ‘ : l Taxi E z ﬁ
|5
| . . . . . . . -I *—IE-scoor?r | | 05 - 05
: falderp 0 50 100 150 200 250 300
s ‘\9 G Daily Integrated PM> 5 dose (ug/d)
20y 0.0 - 0.0
o = % 6 8 Office Worker University Student  University Student
L4 I Office/School without air purifier  without air purifier with air purifier
I Home %
" }47 5 Recreation <
; : MRT+Bus Transport 3 . . . .
Taxi route of Office Worker z Fig. 6: Potential non-carcinogenic
=]
Taxi route of University Student 3 i I
yStu P ) P . E health risk estimates of PM, ..

}.7 MRT+Bus

‘~— Bus

Without AP

Fig. 2: Daily commute of 2 subjects from home to office/school and

1 1 Cycling
back using multiple modes of transport. M 5 0.001 — Y
I Waiking 2|8
, 58 I Office worker without AP
*'— Taxi o . . ) wn 0 .
28| 1g.4 I University Student without AP L U 11E-4
| —Bus |S|E [ ] University Student with AP 0 @
.. . ; (o) N ©
MiniVol SidePak Office Worke‘ - E-scooter E E _ U‘_J |
T T T T T T T T T T T T T T 1 - <t y (.l? (e - -
0 20 40 60 80 ESE 2 S 3 © s E 185
: ; o~ u © w ;
[ ] Microwave digestion Ultrasonicator Daily Integrated BC dose (ug/d) — g M '
Prim ¢ — ' o 1E-6 = - -- 3 { 1E-6
(T PEM monitor (& :
_, ey C = ]
il . W 1e7 { 1E-7
. 3 0 50 100 150 200 250 300 350 ]
S Il Office/School _ |
Microbalance DiSCmini " I Home o 158 i
[ ] Recreation =
T rt = y
L || 1E-9 | 1E-9
o c :
( T ]
—— 3 ]
P ocoiome | g ! 1E-10 1E-10
o ¥ ==

Average As Be Cd Co Cr Ni

MRT+Bus

}‘* Bus

Without AP

Aethalometer AE33

Fig. 7: Potential carcinogenic health risk
estimates of PM, . (ELCR: Excess lifetime
cancer risk, AP: Air purifier).

Walking N

FILTER EXTRACTION AND ANALYSIS

. Taxi
[ s

Office worker

Without AP

. . | : | : | : | E-.sclooter . | . |
= Fig. 3: Instruments O i} 10Saily Integr:::d UFP doszj?#xwald) - - -
INSTRUMENTS USED 8 N ILLUSTRATION OF FIELD .
FOR CALIBRATION PORTABLE MONITORS BACKPACKS used in the lab. Fig. 5: Contributions of various MEs to the total daily integrated exposure:
(a) PM, ., (b) BC, and (c) UFPs (AP: Air purifier).
[]
Major conclusions v

[1] Short-term personal exposure events generally cause true exposure to be significantly higher than that predicted by using outdoor ambient PM, . to generate health risk estimates .

[2] Active modes of commuting to work are generally encouraged, but raise health concerns due to high inhaled doses of PM, ., BC, and UFPs which are influenced by on-road
vehicle emissions and by increased inhalation rates due to the intense physical activity.

[3] The inhaled dose during these active commuting modes could be reduced by creating designated cycling/walking routes through park connector networks, i.e. away from local traffic
emissions. Alternatively, the density of urban forestry should be increased as vegetation acts as a bio-filter to capture air pollutants.

[4] Traffic emissions adversely affect the indoor air quality in naturally-ventilated apartments and hence the health of building occupants. Indoor cooking activities can further
exacerbate the health condition of exposed individuals. Human health risk in such exposure scenarios can be mitigated with the use of a portable air purifier.

Practical implication
Integrating “citizen-oriented” exposure assessments and real-time location tracking with “city-scale” air quality monitoring would provide long-term health benefits to city dwellers.
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