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The New England
Journal of Medicine

©Copyright, 1993, by the Massachusetts Medical Society

Volume 329

DECEMBER 9, 1993

Number 24

AN ASSOCIATION BETWEEN AIR POLLUTION AND MORTALITY IN SIX U.S. CITIES

Doucras W. Dockery, Sc.D., C. Arpen Pork 111, Pu.D., Xieine Xu, M.D., Pu.D.,
Joun D. SPENGLER, PH.D., James H. Warg, Pu.D., MarTHa E. Fay, M.P.H.,
Benjamiv G. Ferris, Jr., M.D., anp Frank E, Speizer, M.D.

Abstract Background. Recent studies have reported
associations between particulate air pollution and daily
mortality rates. Population-based, cross-sectional studies
of metropolitan areas in the United States have also found
associations between particulate air pollution and annual
mortality rates, but these studies have been criticized, in
part because they did not directly control for cigarette
smoking and other health risks.

Methods. In this prospective cohort study, we estimat-
ed the effects of air pollution on mortality, while controlling
for individual risk factors. Survival analysis, including Cox
proportional-hazards regression modeling, was conduct-
ed with data from a 14-to-16-year mortality follow-up of
8111 adults in six U.S. cities.

Results. Mortality rates were most strongly associated
with cigarette smoking. After adjusting for smoking and

other risk factors, we observed statistically significant and
robust associations between air pollution and mortality.
The adjusted mortality-rate ratio for the most polluted of
the cities as compared with the least poliuted was 1.26 (95
percent confidence interval, 1.08 to 1.47). Air pollution
was positively associated with death from lung cancer and
cardiopulmonary disease but not with death from other
causes considered together. Mortality was most strongly
associated with air pollution with fine particulates, includ-
ing sulfates. .

Conclusions. Although the effects of other, unmeas-
ured risk factors cannot be excluded with certainty, these
results suggest that fine-particulate air pollution, or a more
complex pollution mixture associated with fine particulate
matter, contributes to excess mortality in certain U.S.
cities. (N Engl J Med 1993;329:1753-9.)
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severity of
effect
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reduced physica{ performance

impaired puliponary function
subclinical (subtle) effects
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Rajagoparan et al.,, JACC, 2018
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Article
Exercising in Air Pollution: The Cleanest versus
Dirtiest Cities Challenge

RERER.

PM,, inhaled dose (ug)

o o« 3 & 8
P S

Pasqua et al., Int. J. Environ. Res. Public Health, 2018
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V =165m3 V =165m?3
70 Q=9 CMM (220 W), MERV 14 (1 = 70%) 70 CADR = 1? CMM_(60. W), Ventilation rate = 0.2 hr!
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40 |—

30 ~
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o c
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ME OHIIE ¥ F Test

THE 112 m? (34WY, 491 JIE AHF o)

6,425
1,600 3,225 1,600

2,890
2,800

11,370
4,390
2,470
11,370

2,610

4,090
3,490

1,220 3,800 1,605 2,930 1,300 895

H& T)]:37.8m2 (11.5 W)
=0l:23m
Ha! 210 : 86.95 m3

i
SHAABARRTY M5X YIG 29 KIMM Et=2 18178

X2 closed, 271" AJ| HIJI= (2018.06.20)
60 /O = 0.73 (averaged outdoor PM2.5 : 33.3 ug/md) 1200
Indoor CO, (ppm)
Aoizia X

S 50 Az 1000
5 Indoor PM2.5 (png/m3) | CADR 1.1 m%/min |
3 S F<HES
z 0 [caor 16"mymin |50
- A s
£ o
33’ 30 600 5
5 =
S j
= @
£ 20 400 ©
[J] (]
e ko4l | L S
S 22| S
a 10 200
©
>

0 0

0:00 6:00 12:00 18:00 0:00
Time (hour)
——Indoor PM-2.5 (OPC) ——Power (Gas-range Hood) QOutdoor PM-2.5 (AirKOREA) ——Indoor CO2
SUBARAARTY H5X YIS 30 KIMM S=7878
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AlE OHIIE & A Field Tests

&= close 31831 JIs (42 > 3H) (2018.11.04)
I/O = 0.23 (averaged outdoor PM2.5 : 35.9 pg/m3)
100 2000
L Windows Close m .~ 1800
S 80 S71-37] 4t Indoor CO, (ppm) 1600
= CADR 11.4 m3/mi 5
g | m®/min | Z7|1HF7| 3ct 1400
o .
& Poter r‘ CADR 4.2 m*/min | 1200
3 m consumption (W) -
- h (Air cleaner) 1000
£ S
240 800 ©
c |5
s 600 &
< o DRI e A R IR S
g 20 Z71357| 3e 400 &
c , o
S CADR 8.4 m¥/min | 200
g
S 0 0
0:00 6:00 12:00 18:00 0:00
Time (hour)
——Indoor PM-2.5 (OPC) ——Power (Air cleaner) Outdoor PM-2.5 (AirKOREA) =——Indoor CO2
susERAYAEY X5 A3e 31 KIMM S22

FZ EE open, L] O[HIE A| L2 I Z close, 3II1EEI| HIJIS (2018.07.20)
= . 3
100 I/O = 0.97 (averaged outdoor PM2.5 : 21.6 pg/m?3) 1900
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90 € > <> «—>
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s 80 >
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a 70 2 closed g
5] 60 FUsE IS
—~ I —
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S 50 600 &
= c
S 40 Z 2
Kol 2= closed ©
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5 20 S Fusc Jls N 00 8
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=
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——Indoor PM-2.5 (OPC) —Power (Air cleaner) —Power (Gas-range Hood)
Outdoor PM-2.5 (AirKOREA) ——Indoor CO2
SUHARAARIEE N5A YT 32 KIMM St=2 817
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AlE OHIIE & A Field Tests

HE close, 3II1BHII IS5 > HE open, BIIEF| HIJIS (2018.07.14)

100 2500
Windows closed Windows Open
g0 | Air cleaner 3" ON (I/O 0.10) Air cleaner OFF (I/0 0.91)

g 80 WindOWS closed | 22| (|t PM2.5 251.7 pg/m?3) | 2000
- Air cleaner ON (I/0 0.76)
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. | CADR 7.58 m*/min | 9
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= 40 Indoor PM2.5 (pug/in3) 1000 §
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C
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c
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Outdoor PM-2.5 (AirKOREA) Power (Airconditioner) —Indoor CO2
SUSHRALRIES X5x YIS 33 KIMM St=2 817

AlE OHIIE & A Field Tests

I MM 2 PM2.5 indoor/outdoor ratio (&2 close, THZE H|JIS)

1.00
\;vc;gzog:; losed m Without cooking events
® With cooking events
0.80 \
(n=5) '\
(n=2) . 74 37t CiH] 118 o] & 8%
z AN HE Al 9|7 tjH] 30% oI5} }X| 7ts
O 060 \\\ (M2 g™ s PM2.5 29 pg/m3 >
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5 T~
o ~
S
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0.40 S~o -
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i
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AlE OHIIE & A Field Tests

oa = I Ix
QY| OHIE Al 2E &3 S50 TE 371887 S84 CADR
{ b oo oy )
12.00 25 1 = opened !
a Hood ON at cooking event o Hood ON Li%j__g____ I
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—~ 800
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AlE OHIIE & A Field Tests

80 3000
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= cADR 2500
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z 4 1500 S
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© 20
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Foll2lXl - cSdEE - Algic&

HOW THE ENVIRONMENT
IMPACTS OUR HEALTH

odu 2F 00

eg: Point Source and Diffuse Emissions ~ Solvent-Based Consumer Tobacco Smoke

Pl Products and Domestic
S TSwemn Pesticide Use People are exposed to risk factors i their
R l"ﬂAi- AlerI (;"‘B ~~~~~~~ S homes, work places and communities through;
““Er'lefq'.'ll_lants_j_ ‘\\\
= [ o s .
S | e g
id >
Grass, Crops, Frut, ORAL Route (Ingestion)
v, Veg., Cereals, etc. \ ’
M - |i
Sedlment Livestock —

Dairy Produce

888
(11

AIRPOLLUTION )
including indbors ang 0‘ -
cutdoors

ORALI )

DERMALI 4
INHALATION INADEQUATE h
Routes WATER, SANITATION ,

and hygine

Ty CLIMATE
CHANGE

N

4 BUILT

\ ENVIRONMENTS
\ \ incuding housing

! \ ; androads
@ / : \

CHEMICALS | g AGRICULTURAL
‘8 w g gt @ Q Q PRACTICES
including pesticice-ue,
" waste-water et

Groundwater :> @ : RADIATION
\ Pharmaceutical ookt COMMNTY e TOMAL
NOISE

and Consumer

o Health

Drinking Water Products @ g’r%ralglizaeaﬁgn
#EnvironmentalHealth

& - 2413 3%

SRR =20 42 3293

TOP 10 CAUSES OF
DEATH FROM THE

ENVIRONMENT

il 4HEY —ddge st [ge] [ uew
) (Ao, 2ol
STROKE —spin| M RMgELE| (334 a3

2.5 million
8.2 million out or Iscm“'l‘: wyrEna| S Ee g
12.6 mllllf)n deaths caused A
by the environment are due to 2.3 million
noncommunicable diseases

Modes of attack

Poliutant particles might make their way to the brain and damage it directly, or they might attack it from a
rd distance. by triggering the release of inflammatory molecules.
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‘ Environment and

Disease level

' o Es)

Sanitary lifestyle diseases Psychosocial
diseases diseases

y ' \

Medical basis Engineering Social and Unknown
basis management basis

Time

MacArthur & Bonnefoy, 1998
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— EHS can be defined as those services implementing

environmental health policies through monitoring and control
activities. They carry out that role by promoting the improvement
of environmental parameters and by encouraging the use of
environmentally friendly and healthy technologies and behavior.
They also have a leading role in developing and suggesting new
areas of policy(WHO, 2000).
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These contribute
to the qualrty of our health.

Why Are

So Important ?

US CSC, https://www.cdc.gov/nceh/ehs/default.htm
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O ‘IetRE A4 (crowd sourcing)’'2 Ol &t SHE2H MBIA HS
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HI ™2 HE T35t =X i
DIGITAL PLATFORM REFERENCE ARCHITECTURE
Software Defined Everything
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Platforms
and Underlays

SATCOM IPLTE 56 EPC L Opc I MemEtene, £SO

CoreTransport Networks

Access Networks

Figure 3. Cloud Platforms are geographically distrbuted for performance and regulatory reasons. This means
hat platforms must have buikin ‘natve capabiites'for distributed cloud platform and ecosystem management
including cybersecurty. They also must be able to pracefully accommodate iffeent security and privacy require-
ments that may vary by context,country, industry, and tenant.
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ARTIFICIAL

INTELLIGENCE
MACHINE
LEARNING

bt

19505 1960's 1970 19805 1990

2000

-
g wrer

% LEARNING

2010

Ozoné g
KW

1. Industrial revolution
Introducing mechanical
production machines powered
by water and steam

Industry 1.0

2. Industrial revolution
Introducing mass production
lines powered by electric
energy

Industry 2.0

3. Industrial revolution
Through the use of electronics
and IT further progression in
autonomous production

Industry 3.0

4. Industrial
revolution

Based on cyber-physical-
systems

“cyber physical
systems (ALO|H
=o|A|AH], CPS)”
2 AAgo Hak
ot 8l =28 24
Atojof Zgt

Level of complexity

Industry 4.0

End of the Beginning of the Beginning of the Today
18th century. 20th century 70th Source: DEKI/Bauer 1AG
> A% MY EY[sY HEl2 1) 2HEY, 2) £Xsd, 3) HF
tsd. & M ALE, AF=1F AFE0] 2R SHTo 2 AH(Z=AHEY),
x=gZ2do= H| X 9ot Ho[HE E4ot0 gt IfH niep(=%]sd),
=MZNE Eff2 212t ASE OF0F 7tsd)
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[Previous industrial revolutions liberated

humankind from animal power, made mass .

production possible and brought digital

capabilities to billions of people. This Fourth

Industrial Revolution is, however, -

fundamentally different. It is characterized by

a range of new technologies that are fusing

the physical, digital and biological worlds,

impacting all disciplines, economies and

industries, and even challenging ideas about

what it means to be human.]

0| 7+ E 2l = (mega-trends)

4Kt A A EH(4th industrial
revolution)

215 X| = (Artificial Intelligence, Al)
A= 9lE Yl (Internet of Things, IoT)
MEEAMT|&(Information &
Communication Technologies, ICT)
Smart factory, Smart farm, Smart
city

Hl 0 0| E{(big data)
At=2Hautomation)

7|2 H 3}l (climate change)

—&371 34

Direct methods

Biological Personal
monitoring monitoring

PBPK
modeling

l

Dose models

Exposure models «4—

14

Maroni et al., Toxicology Letter, 168, 1999.
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Selected scientific and technologic advances
considered in relation to the conceptual framework

Remote
Sensing

Upstream
Human
&
Natural
Factors

Participatory
Assessment

nvironmental

Geographic |«

Sensor

Information
System
—

Intensity

ime-Activity
and
Behavior

Geolocation

Exposure

Contact>

Ddse

Receptor

Integrated by Source
To Dose Models

Networks

Global Positioning
System
A

Biomonitoring
I

Exposure Science, NRC, 2012
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27+ Protectyourloved onet
with SieKWeat

Sickweather - Sickness
Forecasting & Mapping

= Sidwveather= SNSE &

= ‘OFF, ‘B0l ’, 7I24E

Sickweather Apple Watch App with
SickScore®

Sickweather =&l

@ sickweather’
<

Social media monitoring
algorithm with secret sauce —
Patent Pending

Yom illness
her:

/ 280,

Crowdsourcing —
Direct, Third Party, including
FDA Approved Medical Devices

@ sickweather’
SEC
How it ¢(SICKWEATHER MAP

WORKS!

Find | common cold [=] in washington. DC

Mount Plea: s
-+
|l s

| slmazoo

Population center smoothing,
demographic contextualization,
OTC sales & clinical data
validation

N~

Forecasting and output —
using advanced machine
learning, Al, cognitive APIs
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= 2|Al2l: PRISMS

CPRISMS

Pediatric Research Using Integrated Sensor Monitoring Systems

HOME ABOUT PROJECTS PUBLICA

Program pursues dual goals: to develop a non-invasive health monitoring system for
pediatric asthma research and to make the resulting environmental and health data
available to epidemiologists.

Specialized centers comprise the work of the PRISMS
Program:

+ Sensor Development Centers establish
specifications for device operation and
measurement and develop new or redesigned
sensors to monitor multiple environmental stressors
and physiological parameters correlated with
pediatric asthma.

+ Sensors transmit data to Informatics Platform
Centers, which manage transmission and

acquisition of data securely for processing and
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l Emerging technologies

* Development of new materials

* Advancement in MEMS

= Nanotechnologies

* More powerful computing in small size

® Lighter, smaller and cheaper
* Easy installation roadside to form network
= Portable for easy application

® Professional sensing technology

* NO, NO,, 0;, CO, SO, CO,and PM,s/PM,,
* Benzene, VOC and others; \“ ) \

Rl
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M X (sensor) & 7|=

Table 2. Number of papers analyzed per publication year. The sum of all papers resulting from
raw reseatch within 15T Web of Knowledge, PubMed and Scopus (inclusion; exclusion criteria not
considered) were reported in the second colurmn, The number of papers selected and present in this
work was reported in the thizd column, The only paper published before 2004 s reported in brackets.

Publication Year  Sum of Papers

(197) 1
pli 1
A5 0
5
0

26
007
08
009 b
A0
a1
e
DI}
014
15
26

-
:

54108
LA

Borghi et al.,

Miniaturized monitors for assessment of
exposure to air pollutants: a review, 2017
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