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The color of your skin or the thickness of your wallet
shouldn’t determine your ability to breathe clean arr.




Learning Objectives

. What do we know about air pollution
exposure and childhood asthma?

. How are children exposed to air
pollution in the school environment?

. What measures can be taken to - - .
reduce air pollution in the school q ! k

environment?
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Asthma is Both Chronic and Episodic
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Triggers of Asthma

Allergens (pollen, mold, animal
dander, and dust mites)

Respiratory infections
Weather

Tobacco smoke
Exercise

Air pollution
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Environmental Protection Agency — Criteria Pollutants
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Fine and Coarse
Particles Can Be Emitted

Directly or Formed in the
Air from Gases
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State of the Air
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State of the Air
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What do we know about
alr pollution exposure
and childhood asthma?

COLUMBIA UNIVERSITY

A2 COLUMBIA | Soiuunia univ: LT



AlIr pollution exposure and asthma

Airway remodelling Airway Antioxidant genes Immune response genes
genes responsiveness genes
<4—Air pollutants—) i
Oxidative stress Th2 phenotype
Allergen Air
pollutants
Injury and Sensitisation
inflammation
A 4 v ¢ ¢
Asthma

Air pollutants —b

Exacerbations
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Long-term Exposure to Air Pollution is a
Cause of Childhood Asthma

- N a N

: : : : Mechanistic Evidence
Epidemiologic Evidence - Support for biological plausibilit
- Strong evidence for childhood asthma and PP g P y

long-term air pollution especially TRAP (NO, Al PO, e_speually PM; 5 anq 0.3 causes -
and BC) airway remodeling and increased incidence/severity

of asthma-like phenotypes

AV / AV /

Clinical Considerations

- Air pollution causes lung function deficits, airway remodeling and other clinical
parameters considered in the diagnosis of asthma

- Air pollution is a clinically plausible contributor to development and diagnosis of asthma

Workshop Conclusions
-Epidemiological and toxicological evidence convincingly indicate a causal induction of new
childhood asthma by long-term outdoor air pollution exposure

COLUMBIA UNIVERSITY
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Historical Redlining

In the 1930s the Home Owners’ Loan Corporation
(HOLC) used maps to distinguish perceived risk for
mortgage lending based on factors including racial
composition

Discriminatory practices have perpetuated racial
segregation, poverty, and influenced where highways
and other point pollution sources were placed

COLUMBIA UNIVERSITY
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Pollution and Asthma ED visits are Highest in
Historically Redlined Neighborhoods

Grade A Grade B Grade C Grade D Prens p<0-0001

(n=64) (n=241) (n=719) (n=407) C e .
p- i
Percentage Hispanic 10-9% (8-8) 27-6%(27-3) 46-5%(28-1) 555%(30) <0-0001 . . g
Percentage non-Hispanic Asian  12.2%(12-2) 15-8%(17-4) 14.9%(17-0) 12.9% (14.9) 0.070 E 8 :
£ —
Percentage non-Hispanic Black 6-2% (161)  85%(16-2) 101%(12-5) 109%(13-7) 0021 E § 150 s 8
Percentage non-HispanicWhite 67-1%(22-6) 44-8%(28-4) 259%(26-6) 183%(21-.9) <0-0001 E 5 - :
B
Percentage other 3-5% (1-0) 31% (1-5) 2.4% (1.5) 2:2%(1-6)  <0-0001 2 E o E
£ 100 ®
Percentage of poverty® 15-6% (9-4)  29-7% (17-2) 473%(199) 51.9% (19-9) <0-0001 % 5 .
E & :
_‘E 2 5o T
.E' =
Data are mean (SD); n indicates the number of census tracts. HOLC=Home Owners’ Loan Corporation. PMeparticulate 2 . J_ l
matter. *Defined by the percentage of the population living below two-times the federal poverty level. . : : :
A B C B
Table 1: Socio-demographic and air pollution characteristics of census tracts by previous HOLC risk grade HOLC risk grade

G_b COLUMBIA F&Eﬁﬂ“ﬁ}é’iﬁ’f e Nardone A, et al Lancet Planet Health. 2020
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Redlined Neighborhood Classification in NYC

a HOLC Risk Grade
Best, Still Desirable, or Definitely Declining
Hazardous
=
Not Applicable

Definitely
Declining

g
/"

%
0N
ez
g

SERN

=

Lovinsky-Desir et al. ISEE Conference. 2021

Historical redlining data source:
Mapping Inequality Project (https://dsl.richmond.edu/panorama/redlining)
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Pollution Concentrations are Higher in Historically
Redlined Compared to Other Neighborhoods in NYC

HOLC Risk Grade
Best, Still Desirable, or Definitely Declining

PM2.5 Concentrations in 2018 (ug/m3)
5.96 to 7.05

NO2 Concentrations in 2018 (ppb)
9.86 to 18.52

Hazardous . 7.05107.51 l 18.52 0 20.48
7.511010.89

Not Applicable 20.48 t0 30.31
Not Applicable Not Applicable

Historically
redlined

@ COLUMBIA | InviNG MEDICAL CEnTER Lovinsky-Desir et al. ISEE Conference. 2021



Association of early-life pollution exposure and
childhood asthma by neighborhood poverty

US national survey of 4,535 children <13 years old with exposures measured at birth addresses

<10% NH Poverty  10%-20% NH Poverty = >20% NH Poverty

(N = 1634) (N = 1391) (N = 1465)

OR 95% CI OR 95% ClI OR 95% ClI

Early-life NO, exposure 1.20 (0.93-1.58) 1.26 (1.02-1.57) 1.31 (1.08-1.60)
Early-life PM, . exposure ~ 1.20 (0.90-1.61) 1.24 (0.92-1.68) 1.35 (1.03-1.78)

@ COLUMBIA | Ivine Mebiear Conrer Kravitz-Wirtz N et al. Int J Environ Res Public Health. 2018




Complex interactions between air pollution exposure,
social determinants of health, and asthma

oxidative

proximity stress

to traffic
& industry
sources

outdoor
sources

indoor Environmental Asthma and
sources™ | Air Pollution —'\ Allergic Diseases

allergens

allergic &
inflammatory
responses

unfavorable
housing
conditions

genetics &
epigenetics

Social

Determinants
healthcare
neighborhood & /[ of Health access &
built environment quality

/ social & \

i education health .
violence & community economlc access & .. literacy community Incfgf\}ceilual
crime —="  context stability quality mu

\ / \ food

racism insecurity

&2 COLUMBIA | Sotumsia Universiry Cook, Argenio, & Lovinsky-Desir. J Allergy Clin Immunol. 2021
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Interplay of community and individual stressors shaping
environmental susceptibility

Community-level
stressors/buffers
Built environment
Social environment

Pollutant Area-

level
source Exposure

contam-

location S
ination

|
Community-level impact

o2 COLUMBIA | [oromeis UNIERSY Adapted from: Morello-Frosh & Shenassa. Environ Health Perspect. 2006




Interplay of community and individual stressors shaping
environmental susceptibility

Community-level
stressors/buffers
Built environment
Social environment

Individual-level
stressors/buffers

RN

Pollutant
source
location

Area-
level
contam-
ination

Chronic individual stress

A

Individual allostatic load

Exposure

|

Community-level impact
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Allostatic Load: The wear and tear on the body that
accumulates due to chronic stress that may suppress
immune function and increase risk of disease

Adapted from: Morello-Frosh & Shenassa. Environ Health Perspect. 2006




Interplay of community and individual stressors shaping

environmental susceptibility
Community-level Individual-level
stressors/buffers stressors/buffers
Built environment
Social environment \

Chronic individual stress

A

Individual allostatic load

Pollutant Alices Response

level Internal P Ability to
source Exposure and

. contam- dose i recover

location . resilience

ination

| |
Community-level impact Individual-level impact

&2 COLUMBIA | Cotumsia univirsiiy Adapted from: Morello-Frosh & Shenassa. Environ Health Perspect. 2006




| How are Chlldren expos
to air pollution in the
school envwonment’P
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Common Indoor Sources of Pollution

PM Cooking stoves, fireplaces, smoking, outdoor air

SO, Cooking stoves, fireplaces, outdoor air

_ Ambient air

Air conditioner

NO, Cooking stoves, fireplaces, outdoor air . i R ooy T

Outdoor pollutants entry

CO Cooking stoves, fireplaces, water heater, outdoor air o nfwason

Indoor source

Outdoor pollutant entry
through natural ventilation

Ozone Air cleaning device with high voltage, outdoor air

G_b COLUMBIA | InviNG MEDICAL CEnTER Leung DYC, et al. Front Environ Sci. 2015




Schools are often located near major roadways

« 114,644 US public and private
schools grades pre K - 12

(2005-06)

« 3.2 million children (6.2%)
attended schools within 100
meters of a major roadway

« Schools serving predominately
Black students were 18% more
likely to be near a major roadway

COLUMBIA UNIVERSITY
IRVING MEDICAL CENTER
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Outdoor pollution at Bronx, G N W
NY school closely related to N e T
highway truck traffic counts

Truck traffic counts

School-site elemental carbon (EC)
concentrations

Highest peaks early morning rush
hour traffic

COLUMBIA UNIVERSITY
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Pollution exposure is higher adjacent to a street
compared to near an alley

& : 6.0
§ o Street side -
o ® Alley side 5.0
0 T P=0.022
Ambul
mbulance E 4.0
168" Street %
2 3.0
2
E
T
]
A AT
ARProx.
= ks ==
0 T T

GL? COLUMBIA | Ivine Mebiear Conrer Lovinsky-Desir, et al. Internat J Environ Res Public Health. 2016




School Inner City Asthma Study - Boston

« 188 children ages 4-13 years
(34% Black, 36% Hispanic,
18% Mixed race, 4% White) 9
(@)
* NO, measured in the classrooms g
for 1-week, twice per year )
* Lung function measured during
that same week o

4 56 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28
NO, (PPB)

COLUMBIA UNIVERSITY
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Personal Pollution Monitoring in NYC Schools

] A. Time 1
« 114 children ages 1-14 years
.. 24 h
(61% Dominican, 39% Black) pay § 2™ 1 i ; . c .
| | | | | | |
» Personal Black Carbon monitors Personal monitoring/
_ School BC (SBC) A

for two 24-hr periods, 5 days

apart FeNO FeNO,
* Airway inflammation measured Residential monitoring

after pollution monitoring @

B. Repeated 6 months later (Time 2)

COLUMBIA UNIVERSITY
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Highest Personal BC Pollution Exposure
Before School and in the Evenings

9.0
8.0
7.0
6.0 ﬂ
5.0 T

4.0

0 lllll Il H E

1.19 /1.08 1.04 1.21 1.05 0 1 20 1 89 1 60 1 58 1 66 1 il 1 26 1 45 1 34 1 72 1.92]| |1.56| |2.07| (2.30| [2.03| |1.70( |1.59| |1.34
0.0 e e e

Hourly averaged BC concentrations, pg/m3

12am 1am- 2am- 3am- 4am- Sam- 6am- 7am- 8am- 9am- 10am-11am-12pm- 1 pm- 2pm- 3pm- 4pm- Spm- 6pm- 7pm- 8pm- 9pm- 10pm-11 pm-
-1am 2am 3am 4am 5am 6am 7am 8am 9am 10am 11am 12pm 1pm 2Z2pm 3pm 4pm 5S5pm 6pm 7pm 8pm 9pm 10pm 11pm 12am

COLUMBIA UNIVERSITY
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Personal exposure to BC during school associated
with increased airway inflammation

Allergic, no asthma
PD=24.0%
(P<0.001)

)
difference

95% ClI p-value

School BC 1.31, 13.9

Commute BC 6.82% 0.70, 13.3 0.03

Non-school BC 1.92% -1.09, 5.13 0.22

Residential BC -0.50% -9.88, 9.75 0.92
School BC, pug/ms3

COLUMBIA UNIVERSITY

GQ COLUMBIA | [xvING MEDICAL CENTER Jung KH, et al. Environmental Health Perspect. 2021




Indoor air pollution in nursery and primary schools
In Portugal associated with asthma outcomes

648 pre-school and 882 primary school children in Portugal

| _j Time-location-activity DIAGNOSED ASTHMA
== | information c o . no association
.G REPORTED ASTHMA

no association

m q ACTIVE WHEEZING
Children's Exposure o’ P ‘ associated with NO,
Indoor Air Quality and inhaled dose *
b REDUCED FEV,
\ MICROENVIRONMENTAL MODELLING ) associated with O; and PM, ;
Multipollutant models
REDUCED FEV,/FVC
,—,.. no association
Reported k
I ;ﬁ respiratory e ——) y
symptoms Sensitized children
. LUNG FUNCTION ‘ more likely to have
Spirometry with ASTHMA o e o o ammm) Asthma with asthma due to PM
reversibility test Secondaty analysis aeroallergen exposure in schools
(effect modification) sensitization

COLUMBIA UNIVERSITY

@ COLUMBIA | [RvING MEDICAL CENTER Branco PTBS, et al, et al. Environ Sci Technol. 2018




School vs.
Home
Environmental
Exposures and
Respiratory
Outcomes

i ECHO

P X Environmental influences
on Child Health Outcomes
ind A program supported by the NIH

COLUMBIA UNIVER SITY
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What measures can be
taken to reduce
air pollution in the

school envwonment’?
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uncertainty-back-to-school-adjust-routine-students



Philadelphia school district to install new air purifiers despite
concerns from air quality specialist Chalkbeat

By Neena Hagen | Jul 21, 2021, 7:07pm EDT

f 9  RePusLisH

Philadelphia schaol officials believe the new $4.5 million air and surface purifiers are safe for students when
district plans to install 9,500 devices by the end of the month.

Let’s clear the air on air purifiers and COVID

COLUMBIA UNIVERSITY
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Can HEPA Air Purifiers Capture the Coronavirug? |

UPDATED NOVEMBER 18, 2020 We've updated this guide to reflect current understanding about airborne transmission.




High Efficiency Particulate Air (HEPA) Filter

COLUMBIA UNIVERSITY
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HEPA filters in Boston classrooms reduced
pollution concentrations

PM, < BC
25 children with asthma, age 6-10 ” 05
ears (60% Black, 24% Hispanic . .
y ( panic) 49% reduction 42% reduction
0.4-
6 -
9 intervention (air cleaner with HEPA —~
- g A 0.3
filter) and 9 control classrooms over e =
~ 44 =
6 months 4 o
E A 0.21
2..
Modest improvements in lung function 0.1
and asthma symptoms in intervention -@- Control (n=9) -©- Control (n=9)
q | 5 -o— Air Claner (n=9) 0.0 8- Air Cleaner (n=9)
compared to control groups Baseline  Visit2  Visit 3 " Baseline Visit2  Visit3

COLUMBIA UNIVERSITY
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Enhanced filters in schools and 1] A)Classrooms B Homes with
- 1 orced-air systems
homes to reduce indoor 3 0s{EES
exposure to pollution in Detroit o.S-T | I
£ 0.7-
o 1
i 0.6 | g ‘
. . . . . ® 0.5-
Estimated indoor PM, : in 290 schools in Detroit w o]
© .
5 0 l ‘ 2
o 0.31 n
oo
More efficient filters in schools would reduce asthma- S 0.2 L ‘ ——
related health burden (decreased asthma symptom days) = G 'S [ |
0 -
T EEEEEERE
MERV: minimum efficiency reporting value 8 2 2 2 &# B 2 2 2 &
(HEPA = MERV 2 17) < g g ‘g g < g g g u§-l

COLUMBIA UNIVERSITY
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Unflued gas heater replacement in Australian schools
associated with improved respiratory outcomes

OPEN-FLUED HEATERS ROOM SEALED HEATERS
. . Draw air from the room to feed the fire. Draw air from outside the house to feed the fire.
8 Inte rve ntIOn SChOOIS (n:45) y 10 CcO ntr0| SChOOlS (n:73) Inadequate ventilation and use of exhaust fans can draw As they are sealed, exhaust gases are drawn up the
carbon monoxide (and other exhaust gases) back into the flue and dispersed outside.
room in certain circumstances. @
: : : C R Tl C)
Replacement of gas heaters with either flued or electric heaters ! T . _ !
D e © e t
to feed the fire. the fire.
Deadly fire exhaust gases The fire exhaust gases
Mean NO, levels: 15.5 (6.6) ppb vs. 47.0 (26.8) ppb © codammupne” 1 @ wedmunup e e
flue. However, it can leak and safely outside T
back into the room via the the house.
draught diverter, which
Fomwindguats, 1

Daytime difficulty breathing 59% 0.41 [0.07, 0.98]
Nighttime difficulty breathing 68% 0.32 [0.14, 0.69]
Chest tightness 55% 0.45 [0.25, 0.81]
Daytime asthma attacks 61% 0.39[0.17, 0.93]

GQ COLUMBIA | inving MEDICAL CENTER Pilotto LS, et al. Int J Epidemiology. 2003




It's a great day to be active outside!

It's a good day to be active outside.

It’s OK to go outside and be active for
recess or PE class. For longer activities, g’g’g&gggg

take it a little easier.

Take it a little easier if you do any out-
side activities UNHEALTHY

Learn more at:
airnow.gov/flag

VERY

It's a good day to play inside. UNHEALTHY
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Go for 60!

CDC recommends 60 minutes or more of
physical activity each day.

Watch for symptoms!

Coughing or shortness of breath are signs to
take it easier. Air pollution can make asthma
symptoms worse and trigger attacks.

Take it easier.

Take some breaks. Do less intense activities
like walking instead of running when it’s an
orange or red day.

Plan ahead for ozone.

There is less ozone in the morning, so do

intense activities in the morning on ozone air S EPA s
. ./ Environmental Protection .

pollution days. g Agorey www.airnow.gov/flag

EPA-456/H-15-001
September 2015 I

o wn .,

Air Quality Flag
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Around Schools...

73° 73° 72° Sunset 70° 70° 66°
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72 54

Wednesday ®
‘ cceezis Thursday o 66 52
ASTHMA &
Saturday L 73 48

FREE Sunday & 0% 73 57
Monday £ 68 57
sc H 00 I- Tuesday 4 68 55

ZONE % Wednesday & 307 72 55
_ Thursday & 0% 125 57

Progrom n etedt = wwwalsr v

Today: Cloudy currently. The high will be 75°.
Partly cloudy tonight with a low of 59°.

AIR QUALITY AQI (US)
/5 — Moderate

e () o=
More data from BreezoMeter >
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Take home messages

1. What do we know about air pollution exposure and childhood asthma?
« Air pollution causes asthma and worsens asthma symptoms

2. How are children exposed to air pollution in the school environment?
« The predominant source of indoor air pollution in school is from
outdoor sources, particularly traffic related pollution

COLUMBIA UNIVERSITY
@ COLUMBIA IRVING MEDICAL CENTER



Mentors/Advisors
Rachel Miller
Meyer Kattan
Andrew Rundle
Matt Perzanowski
Steve Chillrud
Jeff Goldsmith
Aimee Layton
Patrick Ryan

Acknowledgements

Research Team

Irene Jung

Kira Argenio
James Quinn
Kimberly Sanchez
Perri Yaniv

Bob Garofano
Marcela Pierce
Laurie Murray
Kathleen Goodwin
Zachary Pitowsky

Collaborators

Kevin Konty

Sophia Day

Jean Marie Bruzzese
Jeanette Stingone
Cole Brokamp

Other Supporters
Jordan Orange
Beverley Sheares
Jahar Bhattacharya
Larry Stanberry
ASPIRE!

Funding Sources

Harold Amos Medical Faculty Development Award Program
NIH Mentored Career Scientist Award (1KO1HL140216-1)
NIEHS Center Career Development Award
ECHO OIF Award

Participants and
Families

Pediatric
Pulmonary Division

Miller lab
Perzanowski lab

Inner City Asthma
Consortium

'@slovinskydesir



