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Definitions of Air Pollution
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Air pollution 1s defined *“as any
atmospheric condition in which substances
are present at concentrations high enough
above their normal ambient levels to
produce a measurable effect on humans,
animals, vegetation, or materials”
(Seinfeld, 1975).
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Air Pollution throughout History

» The earliest form of anthropogenic airborne emission
IS wood smoke.

» Humans have required sources of warmth and cooking
fuel for millennia.

» Coal smoke contributed greatly to air pollution
problems in the early days of the industrial revolution.

» The “excessive” use of fossil fuels in the modern life
causes urban air pollution around the globe and
contributes dominantly to the increases in green house
gases.
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Open-fire biomass cooking is common in developlng country villages.
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Today, exposure
Indoors to coal
and biomass
smoke affects
more than 65% of
the Chinese
population, and
about half of the
world’s
population
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The Great London Smog of 1952

How happened?
1. Coal burning
2. Meteorological condition

Primary pollutants
Carbon dioxide
Carbon monoxide
Dot per any Sulfur dioxide
Dust...
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2 Adverse health effects
5000 deaths of respiratory
diseases in 5 days
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Death rate with concentrations of smoke
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Los Angeles, California, 1940°s to 50’s

How happened?
1. Vehicle and industrial emitted
2. Geographic factor
3. Meteorological condition

Photo-chemical reactions
NO, + hv -NO+O
0+ 0, -04

Adverse health effects
Eye irritation, throat pain
Respiratory difficulty, head pain,
dizzy, etc...
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On Scale of 0 to 500, Beijing’s PM,, - Tops
‘Crazy Bad’ at 755 ng/m3!!

ff

Fashionably masked women on Saturday outside an amusement park in Beijing.
The WHO has standards that judge an air-quality score above 500 to be more

than 20 times the level of PM in the air deemed safe.
By Edward Wong

Published: January 12, 2013 @he Ncw ﬁﬂfk @imgg
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WHO Air Quality Guidelines (2005)
Particulate matter — annual level
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US EPA Air Quality / 12,35
Standards
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‘Dirty' Energy Dwarfs Clean in China and India

NY Times, February 21, 2011

U

By ELISABETH ROSENTHAL Reuters Smoke billows from a coal-burning
power station in Beijing.
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http://green.blogs.nytimes.com/author/elisabeth-rosenthal/
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Global distribution of PM, . from 2001-2006
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High PM concentrations in North—China and East-China

Bei jing Shanghai Quangzhou

EEE— 1 1 1 — - s
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Satellite-derived PM, ¢ (pg/m’)
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Deaths in Millions
8 12

Dietary risks

High blood pressure

Tobacco smoking

Household air pollution from solid fuels
High body-mass index

High fasting plasma glucose

Ambient particulate matter pollution
Physical inactivity and low physical activity
Alcohol use

High total cholesterol

Childhood underweight

Occupational risks

Lead exposure

Suboptimal breastfeeding

Unimproved sanitation

Low bone mineral density

Intimate partner violence

Drug use

Ambient ozone pollution

Vitamin A deficiency

3.2 million deaths
and 76 million
DALYs

(Global Burden of Disease Study, Lancet, 2012)
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€PM25s

Combustion particles, organic
HUMAN HAIR compounds, metals, etc.

90-70um < 2.5um (microns) in diameter
(microns) in diameter

& PM1g

Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter
FINE BEACH SAND

Image courtesy of the U.S. EPA
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SOURCES AND TRANSFERRED PRODUCTS
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Tina (Zhihua) Fan
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PAHs, Cotinine, etc...
Exposure : 24h
— PM,; Cyclone
— Flow Rate : 4L/min
— Weight : 453¢g
- BE
_ [RIELME

BC personal sampler:

— Magee ' -

— Time resolution: 1T min F RRBE B BER
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Stationary Air Pollution
Observatory at Peking University
Instruments Analysis items Size
SIAC* Aerosol: SO,, NO3, CI', NOy, NH,* PMy, Or
Gas: HC|, HNO,, HNOg, SO,, NHs PM; s
TDMPS* Size distribution of number, surface and 3 nm-10um
APS* volume concentrations
HTDMA® Hygroscopic property 50 nm
150 nm
Nox, O3, SO,* NOx, O3, SO,
MOUDI (10 stages)* EC/OC, Water soluble ions 56nm-18um
Nano-MOUDI (3 stages)” 10-56nm
Meteorological data® T, RH, WS, WD, P
TEOM1400a™ Mass concentration PMyg or
PM,s
* Continuous measurements  + Intensive measurements
~Cooperated with Department of Atmospherics Sciences, College of Physics :
RpPE B LHEEHR
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Broad Town

Courtesy from Dr. Drew Day

http://en.broad.com/News-1.aspx
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Central AHU Filtration Schematic

Filter schematic
' ==

Rotary heat exchanger i

Exhaust fan

Intake fan

3. HEPA Filter

2. Electrostatic Precipitator (ESP)

B
|
& ‘ Fresh air
a

bypass valve
1. Pre-filter

Courtesy from Dr. Drew Day ARHEELHER
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Study Design

Intervention (Dec. 6,

2014 — Jan. 13, 2015

Post-intervention

Pre-intervention
Dec. 1-5, 2014

5 days

lleIntla ClgtNglolllglol Visit 1 (Dec. 2-5,
visits 2014)

Dorm Buildings 1-6

Courtesy from Dr. Drew Day

Group A

39 days

Visit 2 (Dec. 23-26 &
30, 2014) & Visit 3
(Jan. 6-8 & 13, 2015)

F8 + ESP+ HEPA  |F8

Office A Office A

Dorm Buildings 1-6 | Dorm 4A (Hotel)
Group B

F8 + ESP + HEPA  |F8 + HEPA

Office B Office B

Dorm Buildings 1-6

18 days
Visit 4 (Jan. 27-30,
2015)

F8 + ESP + HEPA
Office A
Dorm 4A (Hotel)

F8 + ESP + HEPA
Office B
Dorm Buildings 1-6
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Courtesy from Dr. Drew Day ARHEELHER
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Principal Findings

» O, was associated with sSCD62P (platelet
activation) and DBP (blood pressure)

» O, not associated with lung function changes

» PM, : and SO, weakly positively associated with
VWE (endothelial dysfunction) and Al (arterial
stiffness)

ARBREELBER _
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Harvard Six Cities Cohort Study
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iz 2004 MapQuest.com, Ine,; & 2004 AND Producta B,

« ~9,000 subjects living in 6 U.S. cities
« Followed for 15 years

 Cities varied in long-term concentrations of sulfur oxides and particles
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N

N

Pre-Olympics During-Olympics Post-Olympics

— i U -

Pulmonary
— | (Inflammation & Oxidative stress)
. FeNO
StUdy Sam pll ng SChEdUIe EBC: pH, Nitrite and nitrate, MDA
Pre-Olympics During-Olympics . ; - -
R - Post-Olympics Autonomic function
_& V6 || SBP,DBP, Heart rate
‘-—‘L("ﬂ . HRVs: HF, LF, LF/HF, VLF, rMSSD, SDNN,
i Air Pollutants total power
V5 PM, s, EC, OC, SO,, [ |
6/10 S0O,, NO, CO
to 10/20 Hemostasis
6/23 to — o
10/31 sCD62P, sCD40L, VWEF, platelet activation
6/24 8116 10/6
to 8/4 o to
to
" 8/15 8/29 1on7 Systemic
(Inflammation & Oxidative stress)
8-OHdG, MDA, Fibrinogen, WBC, RBC,
Juh‘ 20’ September 24’ lymphocyte, neutrophil, CRP, 8-isoprostane
2008 2008
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(%)

Mean concentrations of air
palutants in each period normalized

pre-Olympic mean levels (%) by pre-Olympic mean concentrations

Mean levels of outcomes
in each period normalized by

(Rich.....Zhu*, Zhang* JAMA, 2012) unp#2 5 a2 %
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1R AR IVAR Y
T N Place lab  site  site  site lab lab lab lab lab
£ 2O |\ S
© ;%'&% H‘j- Ij 2 IJ‘ H‘j- Symptoms X X X X X X
> % g?‘} /13- 97;& ﬁé] /)Q;J -i; Arterial stiffness(Vicorder) X X X X X
2% ]2 FeNO X X X X
© ZI;E /é; o J = oy s P ST segment ECG X
o B AL . AmBrir. NOp B » | x
2 s ST A
i R Urine collection X X
> i EASAT YN = Spirometry X X X X X X X X
o %gﬁ‘: —F]"’TZ ’] \ H‘j’ Impulse oscillometry X X X
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e Breath condensate X X X
o FHFEF
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Results 1: Volunteer characteristics (mean and range) Results 3: Cardio-respiratory outcomes comparisons

T iemate] " e wored | e | " | Setse | Vo M Healthy ___copp | D ___ |
-. %prEd - kPa/L/S kPE/L/S Healthv COPD
“ T
8.3 25 0.34 : |

ge
Healthy HD
62 98 106 b 0.40 |

Healthy ! = .
(n=40) (46,76) (52,141) (56,156) (4.5,17.7) (9,52) (0.20,1.06) (0.18,0.89) g ! ]
a _/ J
COPD 68 58 88 9.3 26 0.57 0.38 = AL
(n=40) 19/21 49 83) (15,112) (42,157) (5.9,14.4) (7,65) (0.30,1.32) (0.19,0.79) & DQ—K\S N
=
IHD i 67 97 100 9.4 25 0.47 0.36 T o L o
(n=39) (45,88) (41,141) (43,161) (4.2,30.0) (4,47) (0.26,1.86) (0.22,0.76)

Results 2: Exposure comparison

LN mean | SO | N_| mean | SD_|

83 107 126 82 18.9 LUSENERU-OT R
83 231 163 82 315 129  0.0095
83 6264 2946 80 26031 8033  <0.0001
80 10 07 83 6.9 26 <0.0001

*P values for the comparisons of the concentrations of each air pollutant between two locations

Air pollutant

FVC (%predicted)
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U{L\ﬂiﬁpﬂj] o 18 Healthy 18

10S 20Hz (kPa/L/s)

PWV (m/s)

> = 78 A BF 09 ) Bk o B AR AL 4G ATAR A K B T
AT EMBEKFHEmA T, 22 . - - -
o 64 B 18] Fe 5% TS B - o

=z 005 \ 005 0,05
[Gong et al., 2017, in preparation]
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'AMA The Joumal of the
American Medical Association

Association Between Changes in Air Pollution Levels
During the Beijing Olympics and Biomarkers of
Inflammation and Thrombosis in Healthy Young

Adults =3 ‘
D.awd Q. Rich, ScD; Howard M. I(i?en. MD, MPH; \:-NE| Huang, ScD; Gual.wc-;fa Wang, MD; Yue.dan Wang, PhD; c I ea n AI r fo r M eg a c It I es

Ping Zhu, MD; Pamela Ohman-Strickland, PhD; Min Hu, PhD; Claire Philipp, MD; Scott R. Diehl, PhD; Shou-En
Lu, PhD; Jian Tong, MS; Jicheng Gong, PhD; Duncan Thomas, PhD; Tong Zhu, PhD; Junfeng (Jim) Zhang, PhD

AVAAAS

CLIMATE CHANGE

David D. Parrish' and Tong Zhw?
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fiE. Mi2. (OMERFSMEER KK
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Association of selected persistent organic pollutants in
the placenta with the risk of neural tube defects

Aiguo Ren®"2, Xinghua Qiu®', Lei Jin?, Jin Ma®, Zhiwen Li?, Le Zhang®, Huiping Zhu®, Richard H. Finnell®,
and Tong Zhu®?
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Hong Kong —a— LY /’
{ — Pl Q—_,Fg Shenyang
Larzhou e o~ I Anshan
Shanghai ] e B&ljlrlg. .—Qy—,r% Tangshan
Shenyang . i Taiyuane Tlanjln
Suzhau —e— R Lanzhou @ (>:'
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§\ Wuhane l.kz Shanghai
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Urumgi M’U’H“- I_,/‘-&._:"'-‘_
Wuhan L Euzhou
Xi'an . N
Mational average e ‘7 wﬁqangzhou Hong Kong A
-0.4 f].l‘l .'J.:s 1 .I‘I 1.I6
Percent Increase of 640 1,280
Total Mortality \,

(Chen et .al., 2011)
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