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Background and Introduction:

* Increasing epidemiological and toxicological evidence links cardio-
respiratory health effects and exposures to ultrafine particles (Peters et al.,
1997; Li et al., 2002 and 2003; Xia et al., 2004)

« PM from Mobile Sources ; major thrust area of the Southern California
Particle Center and Supersite (SCPCS).

« Emphasis on : particle emission levels, particle transport and
transformation away from the source --- busy roads and freeways,
penetration to indoor environments, ultimately health effects

* Over 100 refereed journal publications in 5 years on ultrafine PM
sources, formation mechanisms, physical and chemical properties and
toxicity

* This presentation summarizes research findings on physical and chemical
characteristics of ultrafine PM generated by our SCPCS.



Overview of our Work
Air Pollution, Particulate Matter and Health Effects

9 million drivers daily
500,000 diesel trucks

5% busiest airport in world

biggest US harbor
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Why Are We Interested in Atmospheric Ultratine PM

Fine Particles | Coarse Particles
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Ultrafine particle have a much higher deposition fraction in the
lower lung than accumulation mode PM.
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Mitochondria: An Important Subcellular Target of
PM and a Source of ROS Generation

Untreated

Coarse

Mitochondria are redox active

organelles RAW 264.7

Sowree: Li, et al, 2003
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SCPCS Studies of Ultrafine PM:

- Roadway Tunnels
- Freeway Environments

- Ambient Data in Source and Receptor Sites of the Los
Angeles Basin

- Indoor locations with special emphasis on residences in
close proximity to freeways



» Location: Caldecott tunnel in between Orinda and Berkeley,
CA.

» The tunnel has two bores—one restricted to gasoline vehicles
(LDV) and one 3.8% heavy-duty diesel vehicles (HDV).

» Emissions were apportioned to either HDV or LDV sources
and emission factors calculated

Bore 2 (12-18 h) Axle Class
2-axle-6 |2-axle-4
Date 3 + axles |tire tire % HD Diesel
23-Aug 1 29 4041 0.38
24-Aug 3 38 4113 0.54
25-Aug 0] 20 3982 0.25
26-Aug 0] 28 4028 0.34
Bore 1 (12-18 h) Axle Class
2-axle-6 |2-axle-4
Date 3 + axles |tire tire % HD Diesel
30-Aug 49 102 3013 3.2
31-Aug 76 109 2482 4.9
1st-sept 65 88 2951 3.5
2-Sep 66 66 2741 3.4




TABLE 6. Light-Duty Vehicle and Heavy-Duty Diesel Emission
Factors (mg kg ') of Fuel Bumed (average + standand
deviation)?
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1ss1on factors for HDV and LDV

(Phuleria et al, ES&T, 2006, in press)
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Crganic chemical constituents

Note: EF ratio for PAHS = 226 may be overestimated due fo positive adsorption artifact in ultrafine size modes.
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Effect of Vehicle Speed

y = 242648.42x + 274530.54
R?>=0.69

» Good
correlation, agrees
with previous
studies

» Vehicle speed
normalized to
traffic counts
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S1ze-Seore

Light-Duty Vehicles

Day

10-18 nm
1.25E+15

18-32 nm
6.50E+14

32-56 nm
2 44E+14

56-100 nm
1.30E+14

100-180 nm
5.61E+13

>180 nm
5O4E+12

ated PN Emission Factors

Total
2.34E+15

1.91E+15

1.11E+15

J.72E+14

1.56E+14

6.69E+13

8.02E+12

J3.63E+15

2.54E+14

2. 13E+14

6.96E+13

3.44E+13

1.53E+13

2. 16E+12

2.84E+14

Grand
Average

Std dev

8.32E+14

1.06E+15

6.99E+14

1.45E+15

8.56E+14

5.40E+14

Heavy-Duty Diesel Vehicles

Day
1

10-18 nm
4 31E+15

18-32 nm
161E+15

6.20E+14

3.27E+14

3.09E+14

1.30E+14

1.66E+13

1.57E+14

2.35E+14

32-56 nm
4 76E+14

| 6.72E+13

1.14E+14

56-100 nm
3.25E+14

3.36E+15

4.76E+13 |

100-180 nm
1.96E+14

8.23E+12 | |

6.21E+12

>180 nm
9.30E+13

2.48E+15

1.38E+15 |

Total
7 02E+15

2

4.85E+15

3.99E+15

1.43E+15

{.75E+14

4 16E+14

{.37E+13

1.11E+16

Grand
Average

3.75E+13

4.30E+15

1.11E+15

2.09E+15

[ A7E+14

8.83E+14

4 72E+14

5.24E+14

[ 375E+14_

3.30E+14

3.97E+13

7.55E+13

" 65IE+1D

8.21E+15

Std dev

5.51E+14

1.29E+15

4.90E+14

2.29E+14

1.16E+14

1.67E+13

2.52E+15

»HDVs emit more particles in every size range (factor of 3-10)

»Ratio of HDV-to-LDV emission factors increases with particle size range

»HDVs emit more fractal-like soot agglomerates




TABLE 7. Comparison of the Current Measured Concentrations

of C0; and Emission Factors of PM;s and PN to
Measurements Made in Previous Studies at the Caldecott

Tunnel

vehicle Co, PM;c particle number
type study (ppm]} (particles/ky)

DV this work 384 : 0. 02} {2.5 + 1.8) x 1075
LDV  Kirchstetter et al. : 0. 01: 4.6 £0.7) < 10

(27) - :
LDV  Allen et al. {20) - b
HDY this work 515 : 1.02 + 0.04: El:Ei.E + 2.5} = 1015

HDV Hirzzgﬁt&tter etal. 373 | 25+0.2 : {6.3+ 1.9) x 10
HD1II.'II A”Eﬂ E'[ EI_ |:El|::|:| 435.5.:].j8.5.i.ﬂ..2-* :-i-.l-u-uuu-uuuuuuul

a Hepresents PM, o. ® Mot available.
»PM, . emissions have declined by 37% (LDV) and 60% (HDYV) since 1997

>»PN emissions have increased
>Factor of 5.4 for LDV
>Factor of 1.3 for HDV
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1.6E+5

<— Significant changes
occur 1n size distribution

14e+3

1.2e+0 |

of PM with distance

1.08+3 |
g0e+d

from roadway

6.0e+d

dN/dlogDp (o™

4.0e+ +
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10 100
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Generally, number ——

concentration decreases
and particle size increases
with distance (Zhu et al.,
2002b)

1000

Patticle Diameter, D (ran)

[-710 (mostly diesel)



Chemical Speciation of PM at the CA-110 LDV only Freeway

Coarse Accumulation Tlirafine Coarse Accumulation Tlirafine
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110 Winter DW vs UW - Ultrafine mode PAHSs correlations

y = 1.06x + 0.02

0.005 0.010 0.015 0.020

Dow nwind

110 Winter DW vs UW - Ultrafine mode Hop-Sters correlations

Similar

PAH,
hopanes and
steranes
levels
upwind and
downwind o
the CA-110
freeway

DW;
downwind

UW;




110 Winter DW vs Caldecott study - PM2.5 Hopanes and
Steranes correlations

0.03 0.04

110 Wintar <tiudv DOWRNWIND
110 Winter UW vs Caldecott study - PM2.5 Hop-Sters correlations

0.03 0.04

110 Winter study

Similar
Normalized
Hopane and

downwind

of the CA-
110 freeway
to those of
the LDV
Caldecott
Bore




Major
differences in
PN between day
Vs. evening in
winter suggest
condensation or
semi-volatile
species as a
major aerosol
formation
mechanism

“]

diiid(logd,) [cm

Kuhn et al.,

2005, Atmos.
Environ.
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Data on the I-710 freeway
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The Issue of PM Volatility and Why it is Important

Exposure and health Implications

» Exposure and dose of semi-volatile species may differ according to
whether they are in the gas or particle phases.

» The semi-volatile component of these particles may likely be present in
its gaseous phase or associated with smaller sizes in indoor environments

 Finally, given that the majority of people’s exposure during commute
will be dominated to these particles, it would be useful to know whether
the non-volatile or semi-volatile material is more toxic.



Set-up: Tandem DMA
(Kuhn et al., J. Aerosol Science, 2004)

Control CPC

]

Thermo- O
couple

sSample air Heater Thermo
._>=|:| denuder

e Outdoor or Indoor aerosols in the 1-405

* Qutdoor only in the I-110 (gasoline freeway)



Normalized AN/AIog(dp)

Normalized AN/AIog(dp)
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Volume remaining at 1100C

—a— 710-Site A —a— |-710-Site B

—o— CA-110-5ite A ---2-- CA-110-5ite B

(®)

ining

©
£
it
@
=
=
=
>




= @ = Temperatute (350C)
—>¢—RH (100%)
—2&A—W ind speed (4.2 m/s)

Dlumal —m—Wind direction (3000)
—@—Insolation (665W/m2)

- @ = Fleet 710 N (10000h-1)
—>¢—Fleet 710 S (10000h-1)
—24——Speed 710 N (80 mph)
——Speed 710 S (80 mph)
—@—Diesel Fraction (100%)
—X¥—CO2 Production (5 t/h/km)

Proftiles

At the I-710

14 15 16
Hour of day

14 15 16
Hour of day

- @ = CO2Conc. (567 ppm)
—>¢—BC (10 ug/m3)
—A—EC (11 ug/m3)
—8—LOC (5ug/m3)
—@—HOC (11 ug/m3)

= @ = N_CPC (150,000 cm-3)
—>¢—N_SMPS (100,000 cm-3)
—2&A— Active Surface (200 um2/cm3)
——NM Volume (0.22 um3/cm3)
—@—AM Volume (36 um3/cm3)

14 15 16
Hour of day

15 16
Hour of day
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Reconstructions
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OOO n T T T T
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e Nucleation Mode V Reconstruction

CO2: +0.51
Black Carbon: +0.33
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Wind Speed: -0.18
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10 20 30 40
Measured VAM (um3/cm3)

e Accumulation Mode V Reconstruction

CO2: +0.49
Black Carbon: +0.46
Heavy OC: +0.24
Solar Radiation: +0.35



DR Calculation: In Freeway, By Freeway, In tunnel

« 2006 Study - By freeway

— CO02: 100000D/(415-370)= 2200
»  Westerdahl et al. (2005) - In freeway

— CO02: 1000000 (ppm exh.)/ (850-370)= 210

— NO: 200D (ppm exh.)/390 (ppb)= 500

— CO: 700M (ppm exh.)/1.9 (ppm) = 350
* Geller et al. (2005) - In tunnel

— CO02: 1220000 (ppm exh.) / (870-370)= 244
» Ratio of 2006 study and Westerdahl study

— CO2: 10

— NO: 4

— CO: )

— Take an average 7
» Ratio of 2006 study and Caldecott

— CO2: 9.3

(1) Mean exhaust concentration, corrected for HDV/LDV share



/10 Comparison

Westerdahl et al. 2005

Geller et al. 2005

Study 2006 Study (AE) (ES&T)
Location 1-710 1-710 Caldecott T. (B1)
Period Feb-Apr 2006 Feb-Apr 2003 Aug 2004
Sampling Hours 12-16 17-19 - 12-18
Distance from freeway (a) 20m 5m In tunnel (d)
PCs (h") 8359 10250 7580(b) 4041
LDT(h™) 600 360 - 91
HDTs (h™") 1630 1225 1040(b) 64
T 21.4 14.4 21 23.3
RH 42 60 - 59
Wind Speed (m/s) 2.16 1.21 2 -
CPC 75000 98500 190000 42857 637500 86398
CO (ppm) 0.27 0.11 1.9 0.36 8.78 1.0
BC (uq/m?’) 4.6 2.8 12 5.1 27.5(c) 6.5
Dilution Ratio 1 1.7 1:9.3
CO2 (ppm) 415 454 850 439 870 426

a Distances measured from median strip

b Daily averages from CalTrans

c Elemental carbon
d 4.2% uphill driving




What is the Impact of Mobile Sources In Indoor Environments?

Dominant
S wind direction
during night

7 ‘ Dominant

S wind direction
during day

* 4 residences in proximity of 1-405
* No indoor sources during tests

* 3 ventilation conditions tested



Indoor — Outdoor
Comparisons

» [t is evident that indoor
particles of the same size are
less volatile indoors

 This is because they may
have already shrunk to that
size from a larger outdoor
particle

Normalized dN/d(Iogdp)

Normalized dN/d(Iogdp)

IAmbl. 27lnm Out
60 °C 27 nm Out
110 °C 27 nm Out

outdoor

20
Particle diameter d_. [nm]

I Amtla. 27|nm In
60 °C 27 nm In
110 °C 27 nm In

indoor

20
Particle diameter dp [nm]




-Non volatile
volume fraction of
indoor PM y |
consistently higher o T
than outdoors. 125 o ouon —a

T. Kuhn et al. / Aerosol Science 36 (2005) 291-302

110 72 Outdoor —e—

- Volatility
increases with
decreasing particle

(=]
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1
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=
Ly ]

Volume ratio ¢,

size both indoors
and outdoors

=
.
T

=
[
H— —H

Mode diameter d_ at amb. temp. [nm]

Fig. 6. Comparison of fractions ¢y for outdoor and mdoor acrosols at Apt. 1.




10

Particle Diameter (nm)

 For particles less than 20 nm, I/O ratios, penetration factors and deposition rates
did not follow the trend of theoretical classic aerosol theory.

 Possible reason may be the unique, semi-volatile, nature of freeway ultrafine
particles.




Seasonal and spatial trends in PN concentrations and size distnbutions Singh et al.

Long Beach Riverside
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1Tl'ua temperature data for Mira Loma was not availabla. The data plotted above
was taken from the nearast available site Riverside firestation (around 10 kms east of Mira Loma)




Seasonal and spatial trends in PN concentrations and size distobutions Singh et al.
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SARDAR ET AL.: SIZE-RESOLVED PM CHEMISTRY IN LOS ANGELES DO7508

DO7508

| £00Z 1deg

| ¢00z By

0l | cooz aunp
S8 -

OO oS = £00Z Ael
wo=wzaz i

ENECJE — | €00z 1dv

S €00Z JeIN

o ! f/ggﬁﬁfﬂ = €00z 9e4

g E €00z uer

NI 200z 020

Z00Z AON

— e - -NEN 190

zooz Ainr

Z00Z aunr

| z00z Aew

- .ﬁﬂﬁﬁﬁwﬁﬁmﬁﬁﬁﬁ_H_ 200z 1dy

3 | zooz ‘ew

m %ﬁ% _%%?? ﬁ Z00Z 924

m %ﬁxﬁfﬁ;ﬁféH_ Z00Z uer

e L00Z 98Q

N N al I,, S I- L00Z 320

M - T T I-,ﬂ//u,%ﬁ T H 100z Anr

m e B o0z Aew

M SRR _J.I == 100Z 1dy

> EEEEESSEY—oF 100zEn

W |||__.. = |§%§lf?ﬁl"ﬂm L00Z uer

m r,,__ o ,m = f_ . m_ 000Z 22Q
e) =t o o™ - L=

cw/brl ur uonesyusduo

Month

Monthly average PM chemical composition in the ultrafine mode.

gure 5.

I-u




Ultrafine Organics — Hi-Volume UF Sampler

Impactor used to collect
accumulation mode PM
(>180 nm)

Hi-Volume Teflon-coated glass
8”x10” filter downstream for
ultrafine collection

“High-Volume, Very Low Pressure
Drop Impactor for Separation of
Coarse-Fine-Ultrafine PM ” Misra et al
Journal of Aerosol Science, 33(5): 735-
752, 2002




Ultrafine Organics — Vehicular Emissions

Sum of three predominant hopanes:
17a(H),21b(H)-hopane, 17a(H),21b(H)-29-norhopane, 22,29,30-trisnorneohopane
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Higher at USC (downtown) than Riverside (inland)
Enriched in ultrafine mode at both locations




Ultrafine Organics — Wood Smoke

Levoglucosan used as tracer
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Enriched in accumulation mode at both locations
Higher in winter than summer (residential wood burning), extremely high at USC




Ultrafine Organics — Secondary Organics
Several benzenepolycarboxylic acids quantified

1,2 benzenedicarboxylic acid- USC Summer 1,2 benzenedicarboxylic acid - Riverside Summer
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Higher in summer than winter (photochemistry), but surprisingly higher at USC than Riverside
Higher in accumulation mode at both sites (condensation onto existing particles), but also in UF
Peaks midday at USC but during evening at Riverside (advection across basin)




Table 1. Houtly Pearson Correlation Coefficient, r, of PN vs. Co-pollutant concentrations for the entire calendar year 2002, all sites

| Glendora | LongBeach | MiraLoma | Riverside | Upland
CO 0.13 0.46 047 0.52 0.66
NO 0.06 0.44 0.60 0.59 0.65
NO; 021 0.50 0.24 0.32 0.17
PMyp 0.18 027 0.00 0.16 0.14
0; 030 022 034 004 -0.26

Table 2. 24-hr Average Pearson Correlation Coefficient, r. of PN vs. Co-pollutant concentrations for the entire calendar year 2002, all sifes

_
0|00 04 0.39 063
:u:} 030 048 034 032 0.6
NO, 0.07 0.68 011 023 0.08
PMy, 018 010 017 032 019
0; 031 .63 033 026 054

- Generally low to moderate correlations between PN and gaseous co pollutants
as well as PM10

- Hourly associations > 24 hr associations

- (Sardar et al, JAWMA, 2004)




Glendora (particles cm™)

UKP Are Spatially Inhomogeneous

*More challenging than more spatially homogeneous poliutants

such as ozone and PM,
*Local sources (traffic) can dominate Ultrafine Number

concentrations at any given location

Glendora and Upland, 1 hour lag, 13 miles apart

40000
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Sardar et al. JAWMA 54, 2004
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Figure 4. Diurnal trends of size-segregated particle number, O; and

Figure 6. Diurnal trends of size-segregated particle number, O; and
NO, at USC dunng (a) Dec 2002-Jan 2003 and (b) Sep 2003.

NO, at Riverside during (a) Nov 2002 and (b) Mar-Apr 2002.

Photochemical Secondary Formation of Ultrafine PM in LA

Sardar et al., ES&T, 2005




TAEBLE 4. Size Fractionated PN vs Gas Pollutants Pearson
Correlation Coefficients (r) at Source and Receptor Sites Sa]/'da]/‘ el al.’
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Effective Particle Density

Fractal-like combustion particles have a high
surface area, hence electrical mobility, but a
low density



Geller et al.,

AS&T, 2006 o
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FIGURE 1. Schematic diagram of DMA-APM set-up

where p. 1s the effective density., X1s dynamic shape factor, d.. 1s the volume
equivalent diameter, dy. 15 the mobility equivalent diameter, C 1s the Cunningham

correction factor, and pine 15 the bulk density of the material (McMurry et al., 2002).
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Figure 7. Effective density variation with respect to particle mobility diameter at I-710. Data labels indicate
percentage of number concentration measured for each particle size with respective effective density.

Geller et al., AS&T, 1n press,
2006




Table 4. Summary of average effective densities of different field
locations and their fractal dimensions

Average Effective densitz !EE!’ g cm”

Mobility
diameter
(dy, Nm) Usc

71 D-freeway

11 O-freeway

Riverside

Coast

1.14+ 0.1
1.12+£0.14
121+ 0.08
1.14 £0.24
0.86 £0.11
0.73 £0.10

1.13+£0.10
1.00+£0.12
094+ 0.16

10.49+0.07

0.31+0.02

1.45+£0.12
1.17 £0.02

0.99 £ 0.09
0.59 £ 0.27

1.40£0.10
1.40 £ 0.06
1.29 £ 0.06
1.06 £0.09
NA
NA

1.19 £0.10
1.14 £0.23
0.99+£0.10
1.06 £ 0.20
NA
NA

Fractal
Dimension

2.83 £ 0.06

292 +0.15

Geller et al., AS&T,

in press, 2006




Future Research in Southern California
Renewed Southern California Particle Center, funded by US EPA:

* Determine the physical and chemical properties of ultrafine PM
from real-world sources, including secondary formation, to evaluate
how exposure to UFP vary with respect to:

— location, season, and particle size,
— assess their relative toxicity.

* Assess the contributions of these outdoor sources to indoor exposure
and toxicity.

« Determine the physical, chemical and toxicological characteristics
of the volatile and non-volatile UFP components that originate from
mobile sources.



Physicochemical and toxicological assessment of the
semi-volatile and non-volatile fractions of PM from heavy
duty vehicles operating with and without emissions
control technologies

Sponsors;

California Air Resources Board
South Coast Air Quality Management District
Pl; C. Sioutas (USC), JR Froines (UCLA)

OBJECTIVE:

The objective of this 4-year project is to determine the
physicochemical and toxicological properties of the semi-
volatile and non-volatile fractions of PM from heavy and light
duty vehicles operating with and without emissions control
technologies.



Cardiovascular Health and Air Pollution Study (CHAPS)
Sponsors :NIEHS, CARB
Pl; R. Delfino (UCI),
Co-PIl: C. Sioutas (USC)

Study Overview:

* A repeated measures panel study to evaluate acute cardio respiratory health
effects of exposure to ultrafine PM (UFP)

» All subjects have coronary heart disease (CHD)

» Subjects include 72 nonsmokers age 65 and older living in retirement homes in
areas of the Los Angeles Air Basin

» We will investigate relationships of levels of circulating biomarkers of inflammation
and thrombosis to PM exposures occurring over five days prior to each of the 12
biomarker measurements

* Indoor, Outdoor and Personal UFP concentrations will be determined by personal
cascade impactors developed by USC.



What We Will Not do (but is greatly needed):

 UF particle volatility and its toxicological potential is a major issue

e Our EPA Center studies and CARB emissions study will address the
relative toxicity of volatile vs non volatile particles in vitro

e These studies will focus on bulk chemical PM properties but will not
address the issue of particle size

 This can only be addressed by conducting in vivo inhalation studies

« Expose human or animal (or both) to the volatile vs non volatile UF
CAP fractions using the already existing VACES and Thermo denuder
technologies

* Major Outcome of Such Studies: is it the size of the volatile particles
or its chemical composition (or both) that determine the health
outcomes




