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Climate Change and Allergic Airway Disease
STAR Areas of Interest
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Area 1 F effects of climatic change
on biogenic emissions can
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Climate Change and Allergic Airway Disease

E Multidisciplinary Team
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3 ® Disciplines ® Techniques

; ® Botany ® Modeling

E ® Meteorology ® Chamber Studies
EE ® Population ® Molecular genetics
= ® Medicine ® Immunoassays
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‘AIIergy&ImmunoIogy ® Skin testing
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Vectorborne
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Neurological Disorders

Cancer
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Waterborne

Weather Related
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EPA Project Tasks

Subtask 1.1, Driving Weather Research and Forecasting
with actual global climate model slmula_llcms

Task 1: Development of estimates lor base and

Subtask 1.2: Driving Weather Research and Forecasting
future year meieorolo

anomalies from global climate model simulations

Subtask 1.3. Impact of single variables on

Task 2. Development of estimates for future year Task 2.7: Fatisucsl modeng
land use and demographics ="

Task 3.1 Individual pollen site analyses

Subtask 4.1: Development of new modules for
pollen emissions for major plant and tree species
in the LS.

ﬁ'll;:'l:! Subtask 4.2, Customization of fate/transport
Airway modules for different pollen species.

Diseases

[F

Subtask 4.3: Evaluation of the combined system
for emissions, fate and transport.

Task 4. Exposure/dose characterization for base
and luture years

Subtask 4.4. Dewelopment of modules for

describing exposures and doses o pollen.

Subtask 4.5; Applications to base case scenario.

Subtask 4.6 ADpIicLlions 0 {_u:ure years.

Subtask 4.7: Systematic sensitivity, uncertainty,
and variability analyses.

Subtask 5.1: Experimental studies on changes in

plant pollen all!riln content

Task 5: Characterization of allergenic

Subtask 5.2: Experimental studies on changes in
pollen allergenicity

Normial
Sensitization Human Clinical Studies Environmental Chamber Atopic
Asthma,
AMllergies,
Adrway
Disease .
Part 2 asthrmatic

Incidence & Prevalence

Severity, Frequency
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Task 1: Development of estimates for base and

future year meteerologx

Task 2: Development of estimates for future year

land use and demographics "

Task 3: U.S. Pollen and Mold Spores Phenology

Asthma,
Allergies,
Alrway

Diseases
Area 1

Task 4: Exposure/dose characterization for base
and future years

[ Climate Change and Health ]

Task 5: Characterization of allergenic

Sensitization

Asthma,
Allergies,
Alrway
Disease
Area 2

Incidence & Prevalence

Severity, Fregquency
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Subtask 1.1: Driving Weather Research and Forecasting
with actual global climate model simulations

Task 1: Development of estimates for base and Subtask 1.2: Driving Weathaer Research and Forecasting
future year meteorology anomalies from global climate model simulations
Subtask 1.3: Impact of single variables on global climate:

Task 2: Development of estimates for future year
land use and demoﬁhics Task 2.1: Statistical mndeiinL

Task 3: U.5. Pollen and Mold Spores Fhenaluiy Task 3.1: Individual pollen site analyses

Subtask 4.1: Development of new maodules for
pollen emissions for major plant and tree species
in the U5,

2ﬂ‘“"‘.“- Subtask 4.2: Customization of fate/transport
i modules for different pollen species.

Alrway

Diseases

AEad Subtask 4.3: Evaluation of the combined system

for emissions, fate and transport.

Task 4: Exposure/dose characterization for base

and future years Subtask 4.4: Development of modules for

describing exposures and doses to pollen.

Subtask 4.5: Applications to base case scenario.

[ Climate Change and Health ]

Subtask 4.6: Applications to future years.

Subtask 4.7: Systematic sensitivity, uncertainty,
and variability anakyses.

Subtask 5.1: Experimental studies on changes in

plant pollen arlerien content

Task 5: Characterization of aIIErHEni{ potential
Subtask 5.2: Experimental studies on changes in
pollen allergenicity
—
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Subtask 1.1: Driving Weather Research and Forecasting
with actual global climate model simulations

Task 1: Development of estimates for base and Subtask 1.2: Driving Weather Research and Forecasting
future year meteorology anomalies from global climate model simulations

Subtask 1.3: Impact of single variables on global climate:

Task 2: Development of estimates for future year

land use and demographics

Task 3: U.S. Pollen and Mold Spores Phenology

Asthma,
Allergies,
Airway

Diseases
Area 1

Task 4. Exposure/dose characterization for base
and future years

—

imate Change and Health ]
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Task 5: Characterization of allergenic
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omparative evaluation of pollen dispersion modeling using the new CMAQ-pollen
module and HYSPLIT for a hypothetical “single-cell” emissions case

April 16 - 8 am

cMAQ AN
output 1 '

Hvspuf}

g\

output ﬂ‘\

April 16 - 8 am

=
CMAQ
output

April 16 - 8 pm
W | \é

N

A

150 225 300
Kilometers

0 37575

G.C.8: Lambert Conformal Conic

HYSPLIT}

output "\\

{

Pollen Concentration

(Hgim’)
< 0.0001

0.0002 - 0.001

April 16 - 8 pm

s D

0.001 - 0.01

0.01-0.1
P o1-1
-3

Comparison of results
from the CMAQ-pollen
modules with the
HYSPLIT model.
Comparison was done by
assuming a “single cell” of
emissions of pollen.



Subtask 1.1: Driving Weather Research and Forecasting
with actual global climate model simulations

Task 1: Development of estimates for base and
future year meteoro

Subtask 1.2: Driving Weather Research and Forecasting
anomalies from global climate model simulations

Subtask 1.3: Impact of single variables on global climare:

Task 2: Development of estimates for future year
land use and demographics Task 2.1: Statistical modeling

Task 3: U.S. Pollen and Mold Spores Phenology N

Asthma,
Allergies,
Airway
Diseases
Area 1

Task 4: Exposure/dose characterization for base
and future years

nate Change and Health ]
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Ozone and Ragweed co-exposures in the Continental U.S.
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B ot Ragweed Present and 2 1 Ozone Exceedance Days/Yr (2002-2006)
B =1 Ozone Exceedance Days/Yr (2002-2006)
Source; LIS Environmental Protection Agency,
[0 Rragweed Present Only US Department of Agriculture, Global Blodiversity
Neither or Missing Data 0 200 Miles fmotion feoly
*asthma and Allergy Foundation of America,

Asthma Capitels 2007

Adapted from Knowlton, et al. 2007. Sneezing and Wheezing: How Global Warming Could Increase Ragweed Allergies, Air Pollution, and Asthma.
Natural Resources Defense Council. http://www.nrdc.org/globalwarming/sneezing/contents.asp
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Subtask 1.1: Driving Weather Research and Forecasting
with actual global climate model simulations

Task 1: Development of estimates for base and Subtask 1.2: Driving Weather Research and Forecasting
future year meteoro! anomalies from global climate model simulations

Subtask 1.3: Impact of single variables on Elobal climate:

Task 2: Development of estimates for future year

land use and demographics Task 2.1: Statistical modeling

Task 3: U.S. Pollen and Mold Spores Phenology Task 3.1: Individual pollen site analyses

Asthma,
Allergies,
Airway
Diseases
Area 1

Task 4: Exposure/dose characterization for base
and future years
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Task S: Characterization of allergenic potential
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Local pollen counts at — Newark, NJ:
Measurements and model estimates

\ 8000~ o -2-layer CMAQ concentration (particlesim®)

_— - 1-layer CMAC concentration (particlesim’)
Total tree | === Polien measurerent (particles/m’) Berh

pollen

Pollen
counts (particles/m?)
10000
8000
6000
4000 :
2000 April 2002
0 200
180 == Fuolien counts (particles/m’)
180 = - CMALG concenfration (particles/m”) .
1; Ragweed
1991 10
199 a0
20
Pollen counts at Newark, NJ S IR _
Rotorod device at the roof sampling every day ’ ’ . “'be - “ - ”
- Ember
(except weekends, holidays) ’
Samples microscopically counted and classified
(trees, grasses, weeds, spores)
Extrapc)'ated to atmospheric Concentration (grains 1'Iayer CMAQ S|mUIat|On A” berh pO”en emISSIOI’lS a”Ocated
per cubic meter) to first vertical layer (ground - 20 m). 2-layer CMAQ

simulation: 80% of emissions allocated to first layer, and
20% to the second layer (20 - 50 m).

Ragweed simulation: all emissions were allocated to the
first layer. Data are from AAAAI National Allergy Bureau

(Source: STARx Asthma and Allergy Research Center and
Rutgers University Center for Environmental Prediction)



Pollen model results:
Birch emission flux and airborne concentrations

Pollen Emissions Pollen Concentrations
April 2002 April 2002
4.000172 5.000172
3.000 4.000
2.000 3.000
1.000 2.000
-0.000 1.000
-1.000 0.000
log{#/m"2/s) | log{#/m"3)
1 1
1 172 1 172
April 15,2002 19:00:00 April 15,2002 19:00:00

Min= -7.000 at(1,1), Max= 3.415 at(43,52) Min= -9.000 at(114,1), Max= 3.365 at (43,52)



Pollen Trends in New Jersey

AAAAI 2009
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Pollen Trends in New Jersey

AAAAI 2009

4000=

3000

2000= _

1000=

.....

1990

1995 2000

Year

Linear Regression with

2005

95.00% Mean Prediction Interval

Awerage Annusl Reagamed Count

iﬁil

&

p < 0.001

1

19331287 1988-2007

The total number of Ragweed
grains counted each season
has decreased over the last

18 years




Subtask 1.1: Driving Weather Research and Forecasting
with actual giobal climate model simulations

Task 1: Development of estimates for base and
future year meteorolo

Subtask 1.2: Driving Weather Research and Forecasting
anomalies from global climate model simulations

Subtask 1.3: Impact of single variables on global climate:

Task 2: Development of estimates for future year
land use and demographics Task 2.1: Statistical modeling

Task 3: U.S. Pollen and Mold Spores Phenology Task 3.1: Individual pollen site analyses

Subtask 4.1: Development of new modules for
pollen emissions for major plant and tree species
in the US,

:Islg:':::s Subtask 4.2: Customization of fate/transport
Airway modules for different pollen species.
Diseases

Areal Subtask 4.3: Evaluation of the combined system

for emissions, fate and transport.

Task 4. Exposure/dose characterization for base
and future years

Subtask 4.4: Development of modules for
describing exposures and doses to pollen.
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Subtask 4.5: Applications to base case scenario.

ate Change and Health ]

Subtask 4.6: Applications to future years,

Subtask 4.7: Systematic sensitivity, uncertainty,
and variability analyses.

US E

Task S: Characterization of allergenic
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A generalized seven-step population exposure analysis framework

The MENTOR framework has been designed for assessing inhalation exposures and doses for multiple airborne

Calculate
potential
outdoor
exposures

for co-occurring air pollutants and pollen

contaminants including bioaerosols and co-occurring air photochemical air pollutants.

i.a. Emissions: NEI (NET, NTI), State; Processing with SMOKE,

EMS-HAP, MOBILE/MOVES, NONROAD, FAAED, BEIS, etc.
i.b. Meteorology: NWS, NCDC; Modeling MM5, RAMS, CALMET
i.c. Land Use/Land Cover, Topography: NLDC (USGS), etc.

Estimate background
levels of air pollutants
through
a. multivariate spatio-
temporal analysis of
monitor data
. emissions-based air
quality modeling
(with regional,
grid-based models:
Models-3/ CMAQ, CAMx
and REMSAD)

Develop database of
individual subjects
attributes (residence &
work location, housing
characteristics, age,
gender, race, income, etc.)
a. collect study-specific
information
b. supplement with
available relevant local,
regional, and national
demographic
information

Study-specific survey
(also US Census,
US Housing Survey)

Estimate local outdoor
pollutant levels that
characterize the ambient air of
an administrative unit (such as
census tract) or a conveniently
defined grid through
. spatiotemporal statistical
analysis of monitor data
. application of urban scale
model at high resolution
. subgrid (e.g. plume-in-grid)
modeling
. data/model assimilation

Develop activity event
(or exposure event)
sequences for each individual
of the study for the exposure
period
. collect study-specific
information
. supplement with other
available data
. organize time-activity
database in format
compatible with CHAD

Study-specific survey
(or default from
CHAD, NHAPS)

ii.a. Emissions: EMS-HAP
ii.b. Local Meteorology — Local
Effects: RAMS, FLUENT

Estimate levels and
temporal profiles of
pollutants in various
microenvironments (streets,
residences, offices, restaurants,
vehicles, etc.) through
a. regression of observational
data
b. simple linear mass balance
c. lumped (nonlinear) pE
gas/aerosol chemistry models
d. combined chemistry & CFD
(DNS, LES, RANS) models

Calculate appropriate

inhalation rates for the
members of the sample
population, combining the
physiological attributes of the
study subjects and the
activities pursued during the
individual exposure events

ICRP and Other
Physiological & METS
Databases

Calculate
exposures/
intakes

Biologically

based
target tissue
dose modeling




Spatiotemporal
flowering map

Land use/
land cover
databases
{LULC)

=

Bioaerosol
emissions
factors

Bioaerosol

module

BEIS

_.I

Biogenic VOC
emissions
factors

_/

Biogenic VOC (BEIS) &
Bioaerosol (Pollen)
Modeling Framework

Bioaerosol
/ emissions

Biogenic VOC
emissions

MM5-Meteorology

Raw meteorological
data

Framework

Terrain and Land
use processor

L

Meteorclogy modeling

(TERRAIN) system (MM5)
Land use Meteorology-chemistry
processor interface processor
(LUPROC) (MCIP)

Models-3 CMAQ
Framework

Initial condition processor

(ICON)

B

Boundary condition
processor

{BCON)

Photolysis rates processor

NN

(JPROC)

MCIP/SMOKE
Framework

Emissions
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M modeling system
(SMOKE)

/

Emissions inventory for
anthropogenic sources

CMAQ Chemical Transport Model
(CCTM) Processor

Aerosol processor
{AERO or UDAERO)

( Pollen transport and

deposition processor

/ Advection processor
(horizontal: HPPM or HBOT
vertical: VPPM or VBOT)

/ Diffusion processor

(horizontal: UNIF
vertical: VDIFF)

/ Chemistry processor

(QSSA or MSVGEAR)

Cloud processor
(CLOUD_RADM)

|

/

Hourly gridded concentrations
for all species of interest

/

Modules for simulation of pollen emissions and transport

CMAQ has been
adapted for simulating
the transport of pollen.
Schematic of the
components of and
linkages in CMAQ are
shown.



Structure of the overall exposure modeling system
for studying co-occurring pollen and gaseous contaminants such

Climatology,
Meteorology

Meteorological

Demographics,
Urban Planning,
Development

as ozone under a changing climate

Bioaerosol Module

Demographic
activity patterns;
Land use and land
cover (base and

parameters - N
(base r’New Biogenic
and future) Emissions Human
Ambient )
(gaseous and [oncentrations of population
particulate bioaerosols and MENTOR exposure
> model) other pollutants estimates (base
. and future)
( N A
Modified CMAQ
. J

|

future)




\ Subtask 1.3: Impact of single variables on ilnhal climate:

Task 2: Development of estimates for future year
land use and demoﬂraphics Task 2.1: Statistical mode!inL

Task 3: U.S. Pollen and Mold Spores Phenol Task 3.1: Individual pollen site analyses

Subtask 4.1: Development of new modules for
pollen emissions for major plant and tree species
in the US.

iﬁ::“'f:; Subtask 4.2: Customization of fate/transport
Al gles, modules for different pollen species.

Irway

Diseases

asdl Subtask 4.3: Evaluation of the combined system

for emissions, fate and transport.

Task 4: Exposure/dose characterization for base

and future years Subtask 4.4: Development of modules for

describing exposures and doses to pollen.

Subtask 4.5: Applications to base case scenario.

limate Change and Health ]

Subtask 4.6: Applications to future years.

Subtask 4.7: Systematic sensitivity, uncertainty,
and variability analyses.

Subtask 5.1: Experimental studies on changes in
plant pollen allergen content

Task 5: Characterization of aIIergenic potential

Subtask 5.2: Experimental studies on changes in
pollen allergenicity
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Sensitization
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Allergies,
Airway
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Pollen Phenology

e Pollen increases with increases with CO2 and/or T.

— Ragweed pollen has increased from pre-industrial to current or future
CO2 levels

— doubling of greenhouse CO2 (350 vs 700 microl/L) results in 61%
Increase

« Wayne, P., S. Foster, et al. (2002). "Production of allergenic pollen by ragweed (Ambrosia
artemisiifolia L.) is increased in CO2-enriched atmospheres.” Ann Allergy Asthma Immunol 88(3):
279-82.

e Examination of ragweed plants In “realistic” urban versus rural areas
demonstrated

— faster growth

— earlier flowering
— Iincreased above-ground biomass

— Iincreased ragweed pollen at the urban locations than at rural locations

« Ziska, L. H., D. E. Gebhard, et al. (2003). "Cities as harbingers of climate change: common
ragweed, urbanization, and public health." JACI 111(2): 290-5.
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Pollen Allergenicity & Pollution
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Cloned Allergenicity Genes from
Grasses and Weeds

Long vs. Short

Species Day Gene

Perennial ryegrass (Griffiths et al., 1991) (Lolium perenne) Long Lol pl
Timothy grass (Bufe et al., 1995) (Phleum pretense) Long Phl p5
Kentucky bluegrass (Olsen et al., 1991) (Poa pratensis) Long Poa p5
Bermuda grass (Au et al., 2002) (Cynodon dactylon) Short Cyn D1
Ragweed (Rafner et al., 1991) (Ambrosia artemissiifolia) Short Amb al
Mugwort (Arilla, et al., 2007) (Artemisia annua) Short Art v2

US EPA STAR Program RD83454701




Is this the solution?
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