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Air pollution, a complex mixture of particles and gases

Criteria air pollutants

Ground-level ozone

Particulate matter (PM)

Lead

Forms from the reaction of
pollutants emitted by industrial
facilities and motor vehicles

Diverse chemical and physical
substances that exist in discrete
particles over a wide range of
particles. Derived from
anthropogenic sources (<2.5
microns); whereas PM10 mostly
derive from dust dispersion

Used to be a major air
pollution component until
banned in gasoline; more of an
industrial pollutant



Air pollution, a complex mixture of particles and gases

Criteria air pollutants

Sulfur — dioxide Gas emitted primarily by fuel
combustion from electrical
utilities and industry

Carbon dioxide Gasoline-fueled vehicles and on-
road mobile sources

Nitrogen dioxide

Gas emitted by trucks, cars,
buses, power plants, non-
road engines and equipment

Source : Environmental Protection Agency






PM < 2.5 Ambient Sample — Field Image

Fossil Fuel Combustion

Mexico City sample from
The Desert Research Institute, Reno Nevada







Air pollution levels and health risks

No discernible threshold; linear association
Combination of multiple exposures, multiple susceptibilities

RISK

National ambient
standards, do not
aim for a zero risk ,
rather an acceptable
one

Air pollution concentration



Relatively short-term exposures translate into adverse
Airway functional and inflammatory responses

Oxford Street Hyde Park

McCreanor et al NEJM 2007
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Short — term exposures to
traffic-related emissions are
associated with transient
reductions in lung function




D Sputum Meutrophi Count

Short — term exposures to
traffic-related emissions are
associated with airway
inflammation
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Air Pollution, Airway Inflammation, and Lung Function in a Cohort Study

of Mexico City Schoolchildren
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Elemental carbon (Mm-1)
e 13,854801-36,614500
© 36,6714501-81,700539
© B81,700540-105,806100
O 105,806101-130,515187

O 120,515188-153,050003

Local measurements
& School PM; 5

Childrens homes
= Mo asthmatic
= Asthmatic

Avenues
= Fast avenue
—— Principal avenue

Local avenue

Municipality
[ Iztacalco
"1 lztapalapa
["] Netzahualcdyotl

Barraza A, et al 2008; EHP



Table 4. Association [coefficients per increase in IQR (95% Cl)] between exhaled NO, IL-8, pH of EBC, and
lung function and air pollutants in nonasthmatic children living in Mexico City, 2003 —2005.

Variable? PM; 5 (pg/m?) NO- (ppb)
Feno® (ppb) 0.89(0.78 to 1.01)* 1.10(0.99 to 1.23)°
IL-82(pg/mL) 1.161(1.00 to 1.36)** 1.15(1.071 to 1.32)**
pH_EBC? —0.05(-0.14 to 0.04) 0.01(-0.07 to 0.09)
FEV42 (mL) —71.0(-42.3 10 0.38) —6.73 (—22.0 1o B.57)
FVCP(mL) ~29.0 (-52.8 to —4.35)** -951(-27.0t0 7.97)
FEV 5 752 (mL) —20.0 (69.0 to 29.0) —12.1(-4/7.0t0 22.7)
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Lung function models were adjusted for sex, body mass index, previous day
minimum temperature and chronological time. *p > 0.05, < 0.08. **p < 0.05 .



Table 1. Demographic characteristics and potential
confounders or susceptibility factors.
Characteristic No. {%)2
Child
Sex
Mala 2425 (51
Female 7 795 (49)
Race
Morth American Indian 44 (0.93)
Asian 170(3.6) e s
Black 197 (4.2) et
Hispanic white 2617 (5] e e
Non-Hispanic white 1,682 (35]
Othar 32(0.67)

Environ Health Perspect 114:766-772 (2006).



Asthma and wheezing in relation to road proximity

Table 2. Association of asthma and wheeze with distance to a major road [OR (95% CI)].?

Major road distance (m) No.? Lifetime asthma Prevalent asthma Current wheeze
All participants
> 300 2,058 1.00 1.00 1.00
150300 1,153 0.92(0.73-1.15) 1.04 (0.82-1.33) 1.02 (0.82-1.27)
75-150 774 1.06 (0.82-1.36) 1.33(1.02-1.72)* 1.30(1.02-1.66)*
<75 na 1.29(1.01-1.66)" 1.50(1.16~1.95)* 1.40(1.09-1.78)**
Long-term residants
> 300 813 1.00 1.00 1.00
150300 453 0.86 (0.59-1.24) 0.83 (0.56-1.21) 0.97 (0.69-1.38)
75-150 294 1.03 (0.68-1.56) 1.09(0.71-1.66) 1.09(0.73-1.62
<7 266 1.46 (0.98-2.17) 1.64(1.10-2 44)* 1.67(1.14-2.43)**

"Adjusted for age, sex, language of questionnaire, community, and race. ¥Total exposed in each category of distance to a

major road. *p < 0.05; **p < 0.01.



Probability of asthma prevalence and distance to roads
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Figure 2. Prevalence of asthma by distance of residence to a major road within 500 m, among long-term (4)
and short-term (B) residents with no tamily history of asthma. Dotted lines indicate 95% confidence interval.



Particulate matter pollution, a risk for multiple chronic

diseases
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Brooks et al, Circulation AHA statement 2010



Mortality Increase (%)
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PM or constituents

‘Systemic ANS i
imbalance
in the circulation \ spill-over’
UFP, soluble metals - TSNS / VPSNS
Organic compounds Systemic Oxidative Stress and Inflammation ‘
Cellular inflammatory response (t activated WBCs, platelets, MPO)
t Cytokine expression/levels (t IL-1p, IL-8, TNF-a) Vasculature
7 t ET, histamine, cell microparticles, oxidized lipids; + anti-oxidants Vasoconstriction
V:““'at'-_“:n l l Endothalial dysfunction
asoconstrict Neural-mediated ROS
Endothelial dysfunction WY, Acule phase response tBP
PM-mediated ROS t Adipokines " - . t Clotting factors
t BP (PAI-1, Resistin) - ’ ) Fibrinogen, CRP Blood
? Atherosclerosis vy , t Platelet aggregation
Activated or Activated or
Blood Inflamed fat l l inflamed Hver Heart
? t Platelet aggregation Direct actions + HRV
Vasculature Endothelial cell dysfunction/vasoconstriction, tROS t Heart rate :
Atherosclerosis progression/plaque vulnerability t Arrhythmia potential

t Thrombogenecity (e.g. tissue factor)
Metabolism Insulin resistance, dyslipidemia, impaired HDL function

Blood 4 Coanulatinn thrambasie' } fibrinnlveis fa a PAI-1Y



Recent traffic exposure to
vehicular traffic is associated
with increased ORs for acute
myocardial infarction

691 AMI survivors from
whom the onset of chest
pain and traffic exposure
could be quantified
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ORs for AMI (vulnerable period vs control periods), by time spent in traffic

Frequency of
Type of Exposure in
Transportation and  No. of Case Period Odds Ratio
Hours before Ml Subjects on Day of MI (%) (95% Cl) P Value

Any means of
transportation

Concurrent 585 8.0 1.50 (1.07-2.09 0.02

292 (2.22-3.83

)
)
2.01 (1.49-2.72)
)
)

3 hr 635 5.5 1.15 (0.79-1.66)  0.47
4 hr 638 5.6 1.27 (0.89-1.83)  0.19
S hr 639 6.8 1.64 (1.17-2.30)  0.004
6 hr 640 6.1 1.34 (0.93-1.92) 0.1

Peters et al, NEJM



Air pollution (PM2.5) and chronic peripheral vascular disease

Overall Within-City
Model Associations Associations

Baseline IMT (um) per 2.5 ug/m? of baseline PM, .

Minimal adjustment 6.1 (261t096) 33(—-59to 12.5)
Moderate adjustment 66 (3.1 t0 10.2) 1.0 (—86 to 10.5)
Main model 63(28t098) 04(—9.1 to 9.9)
Extended adjustment 57(1.5t098) 1.1(-981to 12.0)
Progression of IMT (um/y) per 2.5 ug/m* of average follow-up PM, <
Minimal adjustment 04(-04t01.2) 48 (2.4t0 7.1)
Moderate adjustment 05 (—0.3 to 1.3) 49 (2.5 to 7.3)
Main model 04 (—0.4 to 1.2) 5.0 (2.6 to 7.4)
Extended adjustment 05(—04to 1.5) 44 (1.6 to 7.3)

Adar S, PLoS One 2014
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Fine particulate matter and chronic cardiovascular disease

Adar S, PLoS One 2014

Mean difference in IMT progression (mm/y, 95% Cl) per 2.5 pg/m3 PM2.5 concentration
averaged over follow-up in select stratified analyses controlled for metropolitan area.



Estimated IMT (95% Cls) over time at varying levels of average residential PM2.5
concentrations exceeding the city average during the follow-up period
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Results are reported for concentration increments above the city mean with
confidence intervals around the mean
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Less pollution, less asthma morbidity

Table 2. Univanate and Adjusted Relative Risk of Acute Asthma Events Dunng the 1596
Summer Olymplc Games Compared With the 1996 Summertime Basaline Penod®

Unlvanate RRT Adjusted RRT
Data SouUrce @5%Cl)  Pvalue [©5% Confldence Interval) P Value
Georgia Madicald claims e 0,81 D.44-088) 003 0.48 {0.44-088 008
Health malntenance 056 0.31-1.02) .06 0.58 0.32-1.08 A0
organization
i 1 1 P i .? =],
F'i:lan:nrnwrgw 001085142 .48 0,68 0.71-1.23) 49
Goorgia Hospltsl Discharge 0811054-12% .34 0.71 {0.48-1.11) 22
Calabase

*RR ndcates relatve rek; Cl, confidence interval, For defetion of baseine period, see "Ctudy Deagr’’ subsecton of
"Meods" secton,
IFEﬁmnsk bizzed on Poisson modsl of total acute care evants with 2 prmary diagnoss of asthmal.
Trme-zenies regrassion analyse was uaiadF:tda.'mmki'ﬂdeqﬁmdﬁmjard ririmium daiy temparaiure

lagged 1 day 1o minimize cenal



When it comes to air pollution and its impact on
human health

1.
2.
3.

o1

Not all air pollution exposures are the same
It matters who you are

Chronic and acute exposures lead to different
outcomes; may involve different mechanistic
pathways (Synergistic?)

. No absolute safe level exists
. Reducing emissions improves outcomes
. Important questions remain; how and whom

can we protect.



