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Current UFP measurement approaches

« PM2.5 and UFP epidemiological impacts at present are
indistinguishable.

* UFP are ill-defined in the literature, typically number based and do not
capture the surface area and mass metrics.

« Common metrics
— Number below 100 nm, sometimes total particle number. Lower cut point, 10 nm, 3
nm, ...?
— Mass with an upper aerodynamic diameter cut point, no agreement on cut point 100
nm, 200 nm, , 300 nm, etc. ?
— Surface area or lung deposited surface area (LDSA), surface area weighted on lung
deposition fraction.

 Sometimes these metrics are well correlated, sometimes not.



New metrics for UFP

« We suggest three exposure metrics: UFP-N, UFP-M, and UFP-S,
that we believe will add clarity. These metrics represent total
number, mass, and surface area below 500 nm, respectively.

« Highest human exposure to Ultrafine particles (UFP) is on-road and
near-road.

* The characteristics of on-road and near-road tailpipe emissions have
guided the formulation of these new metrics

— As tailpipe emissions have decreased the relative importance of particles from
brake and tire wear has increased.

— These particles cover a wide size range and consist of both larger particles
(PM2.5, PM10) and UFP
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PM10 and PM2.5 are regulatory
definitions based on particle mass
and aerodynamic classification

Currently ultrafine particles are
defined as particles smaller than
100 nm

— Based on number, surface, or mass,
or all?

— Classification by aerodynamic or
mobility diameter?
Nanopatrticles are typically defined
as particles smaller than 50 nm,
but sometimes 10 nm

— Based on number, surface, or mass,
or all?

— Classification by aerodynamic or
mobility diameter?




Particle size distributions measured upwind and
downwind of an CA freeway (adapted from Whitby et
al., 1975).
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Roadside size distributions CA freeway, 2004

Average Distributions 11:15 AM to 1:30 PM
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Adapted from Nanzetta and Holmén (2004).




Roadside and downwind size
distributions , 2018, same structure
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New measures for ultrafine particles?

» For discussion we suggest 3 new metrics:
N500, M500, and S500 b

» These metrics represent total number, —— Number

mass, and surface area below 500 nm, | |~ Surface
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» Captures all metrics, N, S, m

» N500 very similar to current UFP but lower
cut point should be clearly stated and in the
3 to 6 nm range depending on instrument
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Measurement recommendations — on
and near road measurements

* Need wide deployment of instruments

 Size distribution measurement preferred to capture all metrics
— DMS500, FMPS, SMPS, ELPI, etc.
— New lower cost sizers
— Likely still too expensive for wide deployment
« Single metrics, usually lower cost
— Number — CPC, diffusion charger
— Surface or LDSA - diffusion charger

— Mass — Instruments like Dekati mass monitor for real time, filter mass
like PM2.5 but now PM500



Sampling and dilution

« Should simulate on-road, near-road aerosols
— Solid measurements relatively straight forward
— Semi-volatile measurements more challenging




On-road size distributions, 2004, lots of
semi-volatile material
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Based on 60 hours of on-road measurements in truck convoys rural NY freeway.
Adapted from Kittelson et al. (2004).



Lab measurements, semi-volatile
nucleation mode particles very sensitive
to dilution conditions
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Influence of primary dilution temperature (PDT) on
nanoparticle formation. Adapted with permission (Mathis
et al., 2004).
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(Khalek et al., 1999).



Sample lines, even heated, lead to loss of
semi-volatile nucleation mode precursors

1e+09
Transfer Tube
Residence Time

E —.— 21235
G - 0.339s
7 —=— 01843
@ 1e+08 - —+— 01265
[
2 0.0963 s
1]
=
=9
a
8 1e+07 1
|
ke
e
]

1e+06 1

1 10 100 1000
D, (nm)

The effect of Sample Transfer Tube Residence Time on
Nanoparticle Emissions for uncatalyzed diesel exhaust.
Adapted with permission (Wei et al., 2001).
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Influence of dilution system design on nucleation mode formation.
Engine dyno + 2 stage suppressed nucleation mode formation. It is
very similar to that used by Khalek et al., 1999 (previous slide)
except for transfer tube length 70 cm vs 20 cm. Adapted with
permission (Kittelson, et al. 2002)



Non-regulatory sampling and dilution
— for semi-volatile particles

Siicagel  Fiter SMPS or DMAICPC « European "Particulates” Project
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Non-regulatory sampling and dilution —
for semi-volatile particles

 Partial flow sampling
* Porous tube dilution

« Short heated exhaust transfer line, 350° C, residence time < 100
ms

* Primary dilution ratio of 12, secondary dilution as necessary
« Dilution air temperature of 25° C

« Aging chamber residence time 2 s

* Dry, < 5% RH dilution air

« We do not recommend the use of heated dilution, either
primary or secondary, it suppresses the formation of semi-
volatile particles



Thank you for listening
Questions?
Suggestions?
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