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“ More than 45 million people in the United States live, work, or
attend school within 300 feet of a major road...” ( source:
US EPA) And lots of people in other countries...

Pollution elevation near heavily trafficked roads linked to
numerous health impacts
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Context: Exposure to elevated concentrations of traffic-related air pollutants in the near-road
environment is associated with numerous adverse human health effects, including childhood cancer,
which has been increasing since 1975. Results of individual epidemiologic studies have been
inconsistent. Therefore, a meta-analysis was performed to examine the association between
residential traffic exposure and childhood cancer.

Evidence acquisition: Studies published between January 1980 and July 2011 were retrieved from
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HIGHLIGHTS GRAPHICAL ABSTRACT

» This study quantitatively examined
built-environment effects on near-road
UFP level.

* Block-scaled UFP conc. strongly depend
on built environment and surface tur-
bulence.

= Areal aspect ratio was a major contribu-

tor #0 TIETN sramabinne in tha maoarnino
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Site 2: One isolated tall building with low traffic
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Site 3: One isolated tall building with high traffic
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Site 4: Intermediate buildings in one side and low
buildings in the other side of the street
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UFP vs. Traffic

Higher traffic - higher UFP, but other things appear to be

going on.
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Best Explanatory Factor in the Morning:
The “Areal Aspect Ratio” =
Length scale of buildings over length scale of open space
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Traffic = normalized FP Choi et al. (2016)
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Modeling Dispersion in Complex
Urban Areas: Tricky

- CFD is too computationally intensive; Large Eddy
Simulations have too low spatial resolution.

- Quick Urban & Industrial Complex (QUIC) from Los
Alamos National Lab.

- Runs in minutes on a laptop.
- Two main model components:

- Wind solver (QUIC-URB) - Solves for flows around
built environment using empirical algorithms and mass
conservation to estimate the wind velocities around
buildings (Rockle, 1990). Although not as accurate as
computational fluid dynamics modeling, it captures the
major flow features.

- Dispersion model (QUIC-PLUME)
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Model configurations

The Quick Urban and Industrial Complex model - QUIC (Brown et al.,

2010) Broadway & 7thin QUIC 2D in Google Earth 3D in Google Earth

.,

« Measured wind speed direction and Monin- Obukhov length (a
measure of turbulence from buoyancy vs. wind shear)

e Horizontal resolution 5 x 5 m.

« Vertical resolution: first 10 levels 0.4 m levels, then parabolic dz to
the top of the domain; domain 20 m above tallest bldg.

« Emissions: assume continuous line sources at 0.5 m (red lines);

 Average particle concentrations 0.4-2 m above the ground on main
and sub-main streets (yellow belts)



UCLA

QUIC can Qualitatively Reproduce the Field Data.
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(a) AM
QUIC simulations are able R=077 &
to reproduce the
observational patterns.
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Build a New

Development?

(hold volume/m?
constant)

Types 1 — 3 have
45 m buildings
with open space

Types 4 — 6 have
15 m (blue) and
30 m (red)
buildings and
much less open
space
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Pollutant Concentrations @ Breathing Level:
Winds from the West

Type1 Type2 Type3
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Pollutant Concentrations @ Breathing Level, Winds
from the South West: Lower Concentrations

Type1 Type2 Type3

UFP concentrations (normalized)

-1 400

- 300

200

100

UFP concentrations at street levels. Wind direction: Southwest



Average Concentrations at Ground Level
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Vertical Concentration Profiles
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Coming to a (non Elsevier) Journal
Soon...

Thank youl!

UCLA




