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o . Great Smog of London
\ : December 5t0 9, 1952

It killed 4,000 people as per
official estimates but 12,000 as

per later research.

https://factslegend.org/26-interesting-great-smog-facts-know/




San Gabriel Valley Tribune, 30 Aug., 2017

MAIL ONLINE, 2 Dec., 2015



Absolute number of deaths from outdoor air pollution, 2016

Absolute number of deaths by country attributed to ambient (outdoor) air pollution of particulate matter (PM) and
ozone (Os).

0 1,000 10,000 75,000 500,000
Mo data 200 5,000 50,000 100,000 @ 1 million
I | I B

Source: Institute of Health Metrics and Evaluation (IHME) OurWordInData.org/air-pollution/ « CC BY-3A
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v
g o 80% - Afr: WHO African
G"E 20% - Region
£ n Amr: WHO Region of
"g,'; @ 60% A the Americas
= Emr: WHO Eastern
E ﬁ >0% - Mediterranean
'S c:;; 40% - Region
E‘I - Sear: WHO South-
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T 3 % -
QT 20% . < Wpr: WHO Western
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& ¥ & HI: High income

ONLY APPROXIMATELY 12% OF POPULATION

BREATHES AIR THAT MEETS THE WHO
STANDARD

WHO 2015




TOTAL EXPOSURE

80~90% in 10~20% in
indoor outdoor

(Klepeis et al., 2001; Leech et al., 2002)



INDOOR AIR AND OUTDOOR AIR

Outdoor pollutant entry —

through mechanical ventilation

P

Outdoor pollutants entry
through infiltration

_ Outdoor pollutant entry
\ | through natural ventilation

AZAFRRERRRRANNN

Indoor source

(Leung, 2015)



HEALTH GAINS FROM IMPROVED

INDOOR AIR QUALITY (IAQ)

Overall Average e e T I T T
100% Increased outside air 415% Pollutant Source Controls

CBPD/ABSIC BIDS™ 2005

v

5 . Moisture .,

‘g Control  ss.0%

m> 725%

c Asthma 61.5%

- Asthma,

o) Allergies

c »

3 46.0% Individual a7.0%

° Respratory Control/ =

- Task Air

S

€ 235% 236% 214%

¢ 20.0% Headache 20.0% Asthma Asthmd, 13 5%

o) Resperatory Headache 15.0% MuCosa! o oo ma

a Colds Broncha

E

*®
Drinka Jaakkola Brundage Fisk & Bour- Sundell Fisk & Kacz- Menzies Cox- Husman Beipng Gamett Wargocu Wies-  Jaak- Oslo
etal 13 etal  Rosen- Dbeaw 1996 Rosen- marcnyk 1997  Canser etal Residence etal 1998 lander kola  Residence
1996 Miettinen 1988 feld etal feld etal etal  NPHI Lwetal 199 etal  etd  Jaakkola

199¢ 1997 1997 1997 2002 2005 2002 1996 1597 et al 1996

http://thinkprogress.org/climate/2011/06/16/247259/fox-news-labels-green-buildings-bad-for-your-health-in-

fact-the-reverse-is-true/
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IMPROVED PERFORMANCE BY

REMOVING INDOOR POLLUTANT SOURCES

100 - 20 cfm
per person P<0.0001
|

< 98 | | :Dmerformance was
o proved by
8 96- approximately 4%
==
1]
E 94 -
=)
-
o .
> 92

90 -

SOUrce SOurce source source 6 20 &0
present absent present absent cfm per person

Wargocki et al. Wargocki et al. Wargocki et al.
(1999) (2002) (2000)

https://iagscience.lbl.gov/performance-sources



ESTIMATED
POTENTIAL

PRODUCTIVITY
GAINS FROM
IMPROVED IEQ

Source of

Potential Annual

Productivity Gain Health Benefits

Reduced
Respiratory lliness

Reduced Allergies
And Asthma

Reduced Sick
Building Syndrome
Symptoms

Improved Worker
Performance from
Changes in
Thermal
Environment and
Lighting

16 Million to 37
Million Avoided
Cases of Common
Cold or Influenza

8% to 25% Decrease
in Symptoms within
53 Million Allergy
Sufferers and 16
Million Asthmatics

20% to 50%
Reduction in SBS
Health Symptoms

Experienced
Frequently at Work

by ~15 Million
Workers

Not Applicable

Potential U.S. Annual

Savings or Productivity

Gain (1996 U.S. $)

$6 Billion to $14 Billion

$1 Billion to $4 Billion

$10 Billion to $30 Billion

$20 Billion to $160 Billion

(Fisk WJ, 2002)




Past & Present



INDOOR AIR QUALITY HISTORY

|II

e Rapid growth in “aerosol” air fresheners propelled by chlorofluorocarbons (CFCs)
e Over one million window air conditioners sold in the U.S...

* 90% of U.S. homes have TV sets
e Air clean act...

« U.S. EPA created A
» Water-based (latex) paint displaces solvent-based (oil) paint for indoor
e Andersen, Lundqvist & Molhave publish article on formaldehyde in Danish homes

e Almost 25% of U.S. households have central air conditioning... )
* National Research Council (NRC) issues report on “Indoor Pollutants” A
e ASHRAE ventilation guidelines distinguish between smoking and nonsmoking spaces

e U.S. EPA restricts indoor use of pentachlorophenol (PCP)

e U.S. EPA “TEAM Study” finds high exposures to indoor air pollutants... )
o U.S. EPA bans mercury in all interior paints )
* Almost 50% of U.S. households have central air conditioning

e EPA issues rule limiting VOC emissions from consumer products and architectural coatings... )

e More than 50% of U.S. homes have personal computers
e CDC publishes first National Report on Human Exposure to Environmental Chemicals...

J

Weschler CJ 2009 12



—&— clothes washer —O— clothes dryer - - 'color TV  —@— dishwasher

- =« microwave —— \VCR —/— computer
100% - - A---A----
"- - - -
8 80% D Sl
8 e L] o — i
§ 60% A -7 .4 g N
HOUSEHOLD 2 ’ /;0"' , 2 L
ELECTRONICS o L / "
c i .
USAGE (1950'2005) r:% 20% u’ﬂ ’ ’ - d ’é{//
-~ . -
00/0111'/% 2% ﬁm/’;’ .
1950 1960 1970 1980 1990 2000
Year

== Some Type AC =O= No AC =r= Central AC =& Window AC

80%
" 70% / —
3 60% ~—
HOUSEHOLD AIR| i =+ —
Q
: OO~
CONDITIONER | fwi— T ——
2 30% et
USAGE s
- 10%
0% — — ——— ——— —
1975 1980 1985 1990 1995 2000

Year (Weschler, 2009) 8
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Legionnaires’ disease ((B{AE A

1976~

Headache ——

Fever
Chills
Ataxia

Respiratory ;
Cough Tiredness
Shortness

of breath

Gastric
Nausea
Diarrhea
Vomiting

Muscle
Aches

Legionella
pneumophila

The time between
the patient's
exposure to the
bacterium and the
onset of illness
is 2 to 10 days.

https://www.mnn.com/health/fitness-well-being/stories/what-you-need-
to-know-about-legionnaires-disease

1

14



Difficulty
in
Breathing

Headache

Dizziness

Lassitude, Fatigue

Difficulty in Concentration

Dry or Itchy Skin

https://www.pinterest.ie/pin/192388215306897255/
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Health effect of indoor air pollutants exposure

AENZEATERmMEZIEZNEANABRNREEEEEERERR - WiSESHEELI10E
= JTHIIE K (Fisk et al., 2011; Fisk and Rosenfeld, 1997) -

Air pollution-caused deaths; breakdown by disease and location

B Outdoo B irccor

£0%

lschagrmic heart ditease

Chronic obstructive pulmonary disease (COPD)

Lung cancer

Acute lower respiratory infections in children

0% 10% 20% 3% 40%

WHO, 2014
16



1992 Ventilation Standard

. for B‘undmg‘s 2003 In.door Alr . 2014 Public Transportation
KOREA M Indoor Air %.Alr .Quafllty Qualilty Contrql n Indoor Air Quality Control
Hygiene Standards Guideline in Public Use Facilities Guideline
Underground Public Act
Places
2001 Found Indoor Air
1995 Office and Public Quality Information
Place IAQ Research center
1998 Found Indoor Air 2003 Establish Indoor 2011 Updated the IAQ
HONG Quality Management Air Quality Management Guideline
KONG Team Management 2012 Supplementary Notes
1999 Implement IAQ plan Guideline for Renewal Cases
2000 Promote Indoor Air 2006 Review the IAQ
Quality Management
Guideline
2011 Indoor Air Quality
Management Act
2012 Establish IAQ Act
o ) ) 2005 Indoor Air Enforcement Rules, IAQ
TAIWAN %Lr;door Air Quality Quality Guideline in Standard, IAQ manager in
Public Places Public Places and IAQ

Measurement Rules

IAQ POLICY et Publi places st

PROGRESS

17



TAIWAN TODAY =~ ®9°

A multilingual website tracking the nation’s latest developments

Politics Economics Society Environment Culture Photo Gallery

Indoor Air Quality
Management Act

Home = Society

SOCIETY ENERmEEEE
Taiwan readies for indoor air quality law November 23, 2012

Publication Diate: November 2, 2012 Source: Tarwan Today H u -
—

Tatwan's Indoor Air Quality Management Act is set to take effect
Mov. 23 only the second such law in the world after South Korea's.
according to the ROC Environmental Protection Administration.

“We have finalized quality standards and measurement procedures
for suspended particulates, carbon dioxide, carbon monoxide, ozone,
volatile organic compounds, formaldelivde, fungal flora and
bacteria,” EPA Minister Stephen Shu-lmng Shen said Nov. 1.

Certification of qualified inspectors is ongoing. to upgrade the
monitornng of indoor air quality, he added.

In the first stage of the law’s implementation. the EPA will provide
assistance i meeting the standards to large-scale kindergartens;
hospitals: train, high-speed rail and mass rapid transit stations;
hypemmarkets; and department stores, the agency said.

In earlier public hearings on the regulations. owners and managers called for an extended grace period, Shen noted. They
said extra ventilation and electricity would be needed to maintain indoor air quality, mnning counter to efforts to reduce
carbon emissions, while the medical sector explained that it would be a challenge to meet the standards because CO2 and
bacteria are brought into hospitals by the public. In addition, monitoring institutions were not vet up to the job. the
operators claimed.

The mitial stage is scheduled to last six months to one vear, according to the EPA. “This gradual approach to applying
the law, with guidance from our agency. is expected to help reduce the burden on public and private venues,” Shen said.

(THN)
http://taiwantoday.tw/ct.asp?xltem=198134&ctNode=454
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RELATED POLICY AROUND THE WORLD

Country Single | Coope | Special
ration

WHO
us
Canada
EU
Germany
Finland
Australia
Korea
Japan

China

Hong
Kong

Macao

Singapore

Taiwan

NOTE: “Else” are indoor environment of noise, lighting, drainage and special labels or certification, etc.

Unit

O

O
O

O O

O O OO OO0 O

Responsible authority

Team

O
O

O

O

IAQ Related Practices

Standard | Guideline

O

O

O O O O O

Ventilation
or Fugitive
Guideline

O O

O O OO0 O

O
O

New
Building Else House
-hold
Vehicle
O
O
O O
O O
O
O O
O O
O O
O O O
O

Office

O O

Books or Publications

Chemical
material or | Else
Bioaerosols

O O
O
O O
O O
O
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IAQ MANAGEMENT ACT IN TAIWAN
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IAQ MANAGEMENT ACT IN TAIWAN
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IAQ MANAGEMENT ACT IN TAIWAN

Index Period Level
CO (ppm) 8-h average 9
CO, (ppm) 8-h average 1000
O; (ppm) 8-h average 0.06
TVOC (ppm) 1-h average 0.58
HCHO (ppm) 1-h average 0.08
PM,, (ng/m?3) 24-h average 75
PM, < (ug/m3) 24-h average 35
Fungi (CFU/m3) Peak value /0 ralt(i)cc))cl)ecs)g 1.30
Bacteria (CFU/m3) Peak value 1500

1/0 ratio: Indoor and Outdoor ratio. TVOC (total volatile organic compound).
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AIR POLLUTANTS AND SOURCES IN INDOOR

Category | Pollutant Source
CO Secondary hand smoke, cooking,
Co, Incense, outdoor air
Gas HCHO | secondary hand smoke, building
material, cooking, incense, detergent,
TVOC | paint, photocopier, insecticide
O, Photocopier, outdoor air
PM. . PM Secondary hand smoke, cooking,
25" 10 lincense, photocopier, outdoor air
Particle _
Biﬁtsgia’ Carpet, building material, humidifier, pet

23



Sampling Sites (Buildings)

Taipei City
New Taipei City g3 1557)

65 (48) "|||L

< Taoyuan City

t’ﬁenchiang County Hsinchu City
37 (30
og 2 (30)

*pﬁ}o
&

Jinmen County
12 (12) Changhua

County
34 (31)

Penghu County
21(21) 3

&7 Chiayi City §
: LIz 41(38)

0
v Lo Tainan City

350 (152)

Taitung
County
13 (12)

Kaohsiung City
556 (120)

From 1998 to 2015

2,512 sampling sites in
public buildings

Schools

social education places
office space

health facilities

public consumption places
transit station

Exhibition

public leisure venues
sports or fitness centers

TAIWAN IAQ

INVESTIGATION




ATTAINMENT RATE OF INDOOR AIR POLLUTANTS

BE(&1%)
PIFPIERVPEDTT 89% 99% 92% - | 100% | 78% |89%  66% | 49%
PRPTERIZETT 89% 100% 99% 98% | 89% | 94% |97% 94% | 89%
AT

- 1% 7% - -11% | 16% | 8% 28% | 40%

AtEEEE

BHERE : CO : 9ppm ; CO, : 1000 ppm ; O : 0.60 ppm ; TVOC : 0.56 ppm ; HCHO : 0.08 ppm ; PM, . : 35
2_H_ 3 o 2.5
ug/m, ; PMy, : 75 pg/m3 ; Z4HE : 1500 CFU/m3 ; E& : 1000 CFU/m? -



FORMALDEHYDE (F#2)

D ——

H'ﬂ \!
3 ff'r/'ll
A | !!f//

Ve s suw s s

==

http://www.home-air-purifier-expert.com/formaldehyde.html




GREEN BUILDING MATERIALS

(432 M)

0482 18I FE LR EINBIFE -
O M4 BEEH @ 5 Mbdg s M ~ M4BT
;},i.,iﬁj% al o

+ i
O B i B4 m A &g o

BABEH IR EREAY  RERFFRELEH
o HCHO < 0.05 mg/hr*m?
o TVOC < 0.19 mg/hr*m?
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GREEN BUILDING MATERIALS

(432 M)

BAESETe vy P in v M E S I )

S >3 bRl JEEX

B3

T EAREEE |GuTiEEx (@& | KIGE=E

EU-

flower FEE5

SON T TG,
v

§ 5/ // #58
W

AT | Ao o | AT

“ng w03

& " g
Yvrgons®

JI[IE=-W,N HZA &R
& |\ GREEN &ktffja€ |[EcoLogo |Eco-Mark |[fE=EMgE | IR
£ |SEAL % [fmmes . |fE= R SPEREEE Rk
3 q?-a ¢ elE HES ® ﬁ‘n w
REENGUAS| ¢ 14 TR 929,
%Q- @e“: fa'ﬁ‘

o
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PM; 5

smoking

cooking

Sources of indoor PM2.5

indoor origins

fuel combustion
for heating

human activities

burning
incenses

outdoor
infiltration

outdoor
penetration

ventilation

natural
ventilation

mechanical
ventilation

Li et al., 2017
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PM; 5

O AEZEANRIIKRSEF19450.36

m3/hr * 24 hr/day * 365 day/yr *
=N BZMNPM, REE%A 35
ug/m3 * 10°¢ g/ug + BIZHIMIZR
E(MlZER%EES:G) 0001205
g/cm3 = 65 cc BIKEE
OS8 % €l TeRENZENRN
IRIED - MERSIE—MIERSE
(65 cc) K EREFIREX!
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AIR CLEANER
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AIR CLEANER

O8Nk A 1% 2 Rt E B piokap o
O T B R EET 2 # T A F 3 R o

O3 2 4 B @33+ 3%y » 3 Eouk 2L
G TR T AR - R Aok s R TR E T

¥R H o

b

Q‘)\"

F e R ORI 23 8 4 (VOCs)
2P e P AR a (Actlvated Carbon Fibers, ACF )
2 RERE L T LW AL lﬁk;}.%iﬁ E SRR N
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HIGH-EFFICIENCYE PARTICULATE AIR (HEPA)

L i n- -
®_'0 .' o ® Micro Pre-Filter -
7 2 ® o ® :
- '. Disposable
@ R ® . »
[ ] ® [ ] - = @
i o=y ¢ E Fabric Filter Cover —
ol e e ® Disposable
[ ] < e 8
Qs ° .
8
‘ [
[

ilter —
Long lasting,
Replaceable

http://drywallzone.com/hepa-certified.html
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SOURCE OF FUNGI
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http://blog.roodo.com/mp3_taiwan/archives/?
http://blog.roodo.com/mp3_taiwan/archives/?

SOURCE OF FUNGI
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(a) ERfHI7EEE

VENTILATION

(b) AEA I

Irs

(C)FE S (A (dl) 2 (28
A ERERLZ PSR (N BGERESETFERT.2007)
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VENTILATION

http://gallettigroup.com/en/solutions-and-
systems/service-sector/shopping-malls
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Legionnaires’ disease ((B{AE A

1976~

Headache ——

Fever
Chills
Ataxia

Respiratory ;
Cough Tiredness
Shortness

of breath

Gastric
Nausea
Diarrhea
Vomiting

Muscle
Aches

Legionella
pneumophila

The time between
the patient's
exposure to the
bacterium and the
onset of illness
is 2 to 10 days.

https://www.mnn.com/health/fitness-well-being/stories/what-you-need-
to-know-about-legionnaires-disease

1
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VENTILATION




VENTILATION
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VENTILATION

If |t sin your—duct's. o B

E’@, in your ]wngs?

haeficeaned?;

a clean air duct will keep your family healthy...
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http://www.ecocleanltd.co.uk/index.php?id=21
http://www.ecocleanltd.co.uk/index.php?id=21
http://www.drcarpetclean.com/faq.nxg
http://www.drcarpetclean.com/faq.nxg

VENTILATION

Table 5. Predictive model for the contribution levels of indoor- and outdoor-generated PM, 5 and PM, 5 4, to indoor air.

Parameter Standard Proportion of Parameter Standard Proportion of
Fixed effect® estimate error explained Fixed effect* estimate error explained
B) (@) (%) () (@) (%)
Indoor-PM- s Indoor-PMaz;p
Intercept 1.40 0.26 42 Intercept 2.30 0.30 11
Obstacle in air outlet 2.82 0.55 Lack of a return air pathway = 2.64 1.15
Lack of a return air pathway 2.15 0.89
Outdoor-PM 5 Outdoor-PM, s 1
Intercept 10.57 1.28 17 Intercept 6.85 B 17
Close to the restaurant emission 4.92 1.65 Outdoor CO level (ppm) 1.42 0.67
Lack of a return air pathway  5.46 2.16

* The effect was selected into the final model when the p < 0.05 by a step-wise regression model.

(Jung et al., 2018)
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FUTURE

CHALLENGES

CLIMATE CHANGE

CHEMICAL CONTANMINATION
BIOAEROSOL

CIRCULAR ECONOMY
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(é Anomaly (°C) relative to 1901-2000

TEMPERATURE

Temperature changing over the past century

CHANGING

Global Taiwan
Jan-Dec Global Mean Temperature over Land & Ocean _ BR1IEF FRISHQRRTSN 1001-2012 Referto 19012000
1.0 L | | 1 | I I 1 I | 1 | 1 I | 1 | I I | 1 | 1 I | I | 1 I_ :: W
0.8 N : Reg0yr :0.24"ClDecade
0.6 u
041 L
0.2} £
: L+
0.0F - g,
|l ""' | A
0.2 - “|“l“||”| “ | du
041 ,,
0.6 u
0.8~ ] 1;:.
000 v o o v b b b by by /1 N— . |
1880 1900 1920 1940 1960 1980 2000 ™I T IME 191 106 1901 106 1 1 196 ;’“ ‘)ki 1966 M N 191 R M 1 N N Mt
('3
NCDC/NESDIS/NOAA
+0.7°C Relative to 1901-2000 +0.8°C

NOAA, 2014; TCWB, 2012 46



CLIMATE

IMPAC

S

ON HUMAN
HEALTH

USGCRP, 2016

Extreme
Heat

Outdoor
Air Quality

L.

Flooding

Vector-Borne

Infection
(Lyme Disease)

Water-Related

Infection
(Vibrio vulnificus)

Food-Related
Infection
(Salmonella)

.

Mental Health
and Well-Being

Climate

Driver

More frequent,
severe, prolonged
heat events

Increasing
temperatures
and changing
precipitation

patterns

Rising sea level and
more frequent or
intense extreme

precipitation,
hurricanes, and
storm surge events

Changes in
temperature
extremes and
seasonal weather
patterns

Rising sea surface
temperature,
changes in precipi-
tation and runoff
affecting coastal
salinity

Increases in

temperature,
humidity, and
season length

Climate change

impacts, especially
extreme weather

Elevated
temperatures

Worsened air quality
(ozone, particulate
matter, and
higher pollen
counts)

Contaminated water,
debris, and disruptions
to essential
infrastructure

Earlier and

geographically
expanded tick activity

Recreational
water or shellfish
contaminated with
Vibrio vulnificus

Increased growth
of pathogens,
seasonal shifts in
incidence of
Salmonella
exposure

Level of exposure
to traumatic events,
like disasters

Health

Outcome

Heat-related death
and illness

Premature death,
acute and chronic
cardiovascular and
respiratory illnesses

Drowning, injuries,
mental health
consequences,
gastrointestinal and
other illness

Lyme disease

Vibrio vulnificus
induced diarrhea
& intestinal iliness,
wound and blood-
stream infections,
death

Salmonella
infection,
gastrointestinal
outbreaks

Distress, grief,
behavioral health
disorders, social

impacts, resilience

Impact

Rising temperatures will lead to an
increase in heat-related deaths
and illnesses.

Rising temperatures and wildfires
and decreasing precipitation will
lead to increases in ozone and
particulate matter, elevating the
risks of cardiovascular and
respiratory illnesses and death

Increased coastal and inland
flooding exposes populations to a
range of negative health impacts
before, during, and after events

Ticks will show earlier seasonal
activity and a generally northward
range expansion, increasing risk
of human exposure to Lyme
disease-causing bacteria

Increases in water temperatures
will alter timing and location of
Vibrio vulnificus growth, increas-
ing exposure and risk of water-
bome illness.

Rising temperatures increase
Salmonella prevalence in food,
longer seasons and warming
winters increase risk of exposure
and infection.

Changes in exposure to climate-
or weather-related disasters
cause or exacerbate stress and
mental health consequences,
with greater risk for certain
populations
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AIR
POLLUTION
AND GLUBAL

http://www.stanford.edu/group/efmh/jacobson/POLbook?2/

THE INDOOR
ENVIRONMENT,

http://pegasia.blogspot.tw/2011/12/new-book-climate-

change-indoor.html
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THE ROLE OF BUILDING & IAQ

IN THE CAUSATION

Ambient scenarios Impacts on

. _— . Impacts on health
under climate change  building environment P

- - - Mortality T
Extreme heat& | - Heating&cooling __,  _Thermal comforts
cold events loads changes

- Energy consumption - Infectious respiratory
- > disease transmission

Typhoon & other

- Flooding & water - Water-borne diseases
extersgsﬁsw/?ter damage — - Vector borne diseases
- Mold associated
- Water system (drainage, symptoms or illness
sewage, clean water supply)
Sea levels - Durability, insulation, - Water-borne diseases
SRR —_— & resistance of > - Vector/animal borne
materials to salt disease
- Ozone, other secondary - SBS, respiratory illness,
Ozone P — pollutants — and others
Pollen I — -Indoorallergen 4 | —— - Allergic respiratory illness
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PRECIPITATION CHANGING

Global Taiwan
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Morakot CWB track
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MORAKOT TYPHOON
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http://yblog.org/archive/index.php/10523




INCREASING THREAT OF FUNGAL EXPOSURE

AFTER FLOODING

About
100 cm
height

Indoor-outdoor ratio

[Science of The Total Environment 2011; 409(9):1677-82]
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Changing profile of fungal I/0 ratio before and
1 month after Typhoon Morakot
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g Thousands of houses were destroyed by the
hurricane and are now covered with mold.

. | KATRINA HURRICANE

A resident walks through her damaged
home where mold growing on all the
walls and furniture in an attempt to
salvage personal items, but she is not

wearing a protective mask. (Photo by Patsy
Lynch courtesy FEMA)
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THERMAL STRESS

Adaptive strategy:

“open the air
conditioner”
http://weblogs.sun-sentinel.com/news/weather/hurricane/blog/heatwave.jpg
Vulnerable populations -
 Elders {:}E:). — Constructi
° You ng Chlldren {::} [,> | Lightweight walling (low thermal mass materials
e Patients with chronic diseases E’

* Low-income family
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THERMAL STRESS

Warm air taken up by
Evaporator of the AC

metres of opmble wall openings

This area would not be considered as
naturally it or ventilated

http://www.coolingindia.in/blog/post/id/14670/improving-indoor-air-quality
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BUILDING DESIGN FOR WARMING
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TRANSMISSION & CONTROL OF VIRUSES VIA
INFECTIOUS DROPLETS AND AEROSOLS

*{ FiItraWo °

http://built-envi.com/portfolio/filtration-of-infectious-aerosols/ 60



AIR TRANSMISSION OF PATHOGEN IN HVAC SYSTEM

elevator shaft

(Lim et al., 2011)
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UVGI IN AIR CONDITIONER
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EXTENDING RADING

® oABRFFEPIFSTTARSE
http://1aq.epa.gov.tw/indoorair/index.aspx

® MMM SHIPRASTESE:
https://www.facebook.com/tsieqg/

® % F&FFIAQ
https://www.epa.gov/indoor-air-quality-iaq

® i F%k %% IAQ for School:
http://www.epa.gov/iag/schools/
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