Changes of PM, . concentrations and their sources
in the US from 1990 to 2010

Ksakousti Skyllakou?, Pablo Garcia Rivera?, Brian Dinkelacker?, Eleni
Karnezi?3, loannis Kioutsioukis®, Carlos Hernandez>, Peter J. Adams>, and
Spyros N. Pandis’%®

lnstitute of Chemical Engineering Sciences (FORTH/ICE-HT), Patras, Greece

2Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, USA

3Barcelona Supercomputing Center, Barcelona, Spain

“Department of Physics, University of Patras, Patras, Greece

5Department of Civil and Environmental Engineering, Carnegie Mellon University, Pittsburgh, USA
®Department of Chemical Engineering, University of Patras, Patras, Greece

L s o

p- = T el —

.
=

= JY) R o :
N : -
d - s Carnegie
: v 213 Mellon

Center for the Study of Air Quality & Cimate Change University




Rate Ratio

PM increases the mortality rate
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Motivation

* Traditionally epidemiological studies treat all PM, . with equal toxicity

* How does PM, . toxicity vary by composition and source?

 CTMs are key to developing necessary exposure estimates



The hypothesis

Epidemiological analysis can connect to specific air pollution sources

There are available heath data
(death rates, smoking rates, etc.)
for 1990-2010, from the U.S.
National Center for Health
Statistics (NCHS)

Source: NHGIS, PCRD 1:19.000.000



The problem

Only a few observations More observations for 2000

ISR TR

for 1990 and 2010 from 2 networks
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 Chemical composition is
available

* No measurements for sources!



Historical Source-Resolved Simulations
(1990-2001-2010)
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Application of PMCAMX over US

The whole US
4752 x 2952 km 2
36 x 36 km grid resolution
14 vertical layers, up to 14 km

Inputs

Meteorology: WRF (Skamarock et al., 2005)

Emissions: Anthropogenic (Xing et al., 2013)
Biogenic (MEGAN3, Guenther et al., 2012)

CB5 mechanism (Yarwood et al., 2005)
79 gas phase species
13 radicals
190 reaction in the gas phase
43 aerosol species

Simulations for: every month of

1990, 2001, 2010



PMCAMx Chemical Transport Model

PMCAMXx processes:

Horizontal Vertical Horizontal Dry/Wet

Aerosol Chemistry

Gas-Phase Water Chemistry
Chemistry (Clouds)

Inorganics Organics




Particulate Mater Source Apportionment Technology

e Utilizes the fact that at a given location and time, all
the molecules of a species regardless of their source
have the same probability of reacting, being
transported or being deposited

* Newly formed secondary species are apportioned
based on the apportionment of their precursor
species

* Very small computational overhead



Particulate Mater Source Apportionment Technology
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Emission sources in this study

ONROAD: On-road mobile emissions

Electrical Generation Units (EGU):
Emissions Electricity Generating Units

OTHER: All other area type emissions,
including wildfires, restaurants, agriculture,
residential wood combustion,

on-road mobile emissions outside of the US




Annual Emissions of Elemental Carbon (tn/year) from onroad transport

T 100 80 100
; 90 90
701
80 80
e 60 [ SN
L ; 170 170
7
. | 50 / 4
P 30 60 b 60
g
‘ Yy 'Q‘-:)(r 1] {50 0 150
AT D &\
0! , 140 \ . 140
‘ T 301 p
30 30
20 200 20
10 10 | 10
0 0

100

12




Annual emissions, contribution (%) of each source
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Sources of PM, < (ug/m?3) for the whole 2010

total concentration
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Sources of PM, < (ug/m?3) for the whole 2010
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Predicted annual average PM, c (ug/m?)
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Annual average contribution of each source
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Evaluation for annual average PM, .
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Predicted OM ( ug m3)

Evaluation for annual average OM
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Predicted Sulfate ( ug m'3)

Evaluation for annual average PM, . Sulfate
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PM, < reduction from 1990 to 2010

Absolute reduction (pg/m3)




Evaluation of predicted of PM,  reductions
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Separation of US domain in different parts




PM, . Concentration (ug m-3)
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US population inhabitants/km?

1990, total 247 miillion
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PM, ; Population Exposure (pers pg m3)

Population exposure to annual average PM, .
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Conclusions

* The model reproduces the annual average concentrations of PM, 5 with
errors less than 30% for all the years.
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Conclusions

* The main sources of OA are onroad transport and biomass burning and other H H H
* The contribution of the onroad transport decreases almost 3 times H
from 1990 to 2010, N B

1990 2001 2010

e The main source of sulfate is the Electrical Generation Units source
* The emissions of SO, were reduced 3 times from 1990 to 2010 B

ZZZZZ

1990 2001 2010

* The reduction of human exposure to PM, . was attributed almost 20% to
road transport and 30% to ‘EGUS’
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