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Ultrafine Monitoring Outline

EVhy should we monitor Ultrafines?
EVhat should we be measuring?

How should we monitor for Ultrafines?
nere do Ultrafines come from?

nere should: 'we monitor for Ultrafines

nat do we find when we monitor?

-

nat should we do about it?



1@ Why should we monitor Ultrafines?

- Ultrafine Particles

Diameter of human hair
(for scale) : 60 um

Coarse: 2.5-10um
Fine: =2.5um
Ultrafine: 0. 1pm




| Why should we monitor Ultrafines?

Aﬂﬁa
“~ Ultrafine Particle Health Impacts

1.0

Nasal, pharynfjeal, laryngeal

0.8
0.6
Nasal airway 0.4

0.2

Regional deposition (%)

0.0
0.0001 0.001 0.01 0.1 1 10
Diametar (um)

Tracheobronchial

Pharynx

1.0
Trachea o %0 Lymph 2

nodes 0.6

Pulmonary

0.4
arteries

0.2

Regional deposition (%)

Pulmenary

veins 0.0 | '

0.00010.001 0.01 0.1 1 10
Diameter (um)

10 Alvdolar

0.8

Alveolar

capillary
bed

0.6
0.4
0.2

Regional deposition (%)

0.0
0.00010.001 0.01 01 1 10
Diameter (um)




]@ Why should we monitor Ultrafines?

| nnﬁﬂ

Ultrafine Particle Health Impacts

Ultrafine particulate material is more toxic than PM2.5
material

Ultrafine particles can cross cell membranes and can
move Into the circulatory system, brain, and other organs

Ultrafine particles have been shown to cause adverse
health effects related to stroke, systemic inflammation,
vascular effects on diabetics, airway development, and
asthma exacerbation

Suspected as one of the causative pollutants in near
traffic epidemiology studies



| Why should we monitor Ultrafines?

“* Ultrafine Particle Health Impacts
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| Why should we monitor Ultrafines?

“*#ltrafine Particle Health Impacts

Oxidative Stress Allergic Inflammation

Promotes oxidative
stress and allergic
Inflammation in the
lung

Li etal., 2008

Filtered Air Flne partlcles Ultraﬂne partlcles

Promotion of
atherosclerosis

Araujo et al., 2008



]@ What should we be measuring?

| What Characteristics of Ultrafines
Should We Measure?

Aass?

FPM mass measurements similar to PM10 or PM2.5 methods

Aime -integrated filter = -based methods
EContinuous methods (TEOM, BAM)
Size-selective inlet to remove larger particles
BJltrafine size -cut leads to higher pressure drops across inlet

device

BStill feasible down to 150 -180 nm
Bemonstrated for 150 nm inlet on BAM (Chakrabarti et al.,
AS&T 38(S1), 2004)

B\Vhat is the upper size cut?
B0 nm, 100 nm, 150 nm, 180 nm, 250 nm



1@ What should we be measuring?

| AGHBY Size Cut (Source Aerosol)

Size Distribution - Long Beach Morning -
October, 2002
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1@ What should we be measuring?

| AGHBY Size Cut (Aged Aerosol)
Average Size Distribution - Riverside May 2001
(6AM-10AM)
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]@ What should we be measuring?

| AGHBY Size Cut

For the previous size distributions and upper size cuts,
80% of the measured particle mass would be found in the following
Size ranges, thus biasing measurements towards the upper end
of the measured ranges

Riverside Long Beach
Upper Size 80% of Mass Upper Size 80% of Mass
Cut Is Within Cut Is Within
100 nm 61-100'nm 100 nm 55-100 Nm
150 nm 04-150'nm 150'nm 73-150 nm
180 nm 109-18017m 180mMm 82-180 nm
250 Nm 1249=250"1m 25)0) 10 08-250 nm




PM10 Mass Concentration (mg/m3)
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What should we be measuring? -

=

N /
Number vs. Mass
Little or no correlation between PM number and PM mass
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Particle Number Concentration (#/cm3)

Riverside, Rubidoux, and Claremont, California. (Feburary 2001 - March 2002)
(Fine et al, AS&T, 38 (S1), 2004



]@ What should we be measuring?

| il What Characteristics of Ultrafines

Do We Measure?

Z_ounting Particles

E=ull or Partial Size Distributions

EExpensive, some are semi -continuous
Aotal Particle

HRelatively easy continuous measurements with CPCs
E.ower size cut of the type and model of CPC
Fotential composition effects
Single counting vs. photometric modes
Aon -Volatile Particles Only
dapt PMP. Protocol to ambient measurements
A hermal denuder.or heater upstream
FPossibly more consistent. - measurements

#_ose the majority of particles

13



]@ What should we be measuring?

o - :
e What Characteristics of Ultrafines
Do We Measure?

FEThe Ultrafine characteristics measured by any ambient
monitoring program should reflect the latest health
effects data

£ \Volatile vs. Solid Particles
EMass vs. Number
£ Specific size ranges
FEEvidence exists for adverse health effects for all of the
above.

14



How should we monitor for Ultrafines?

Instrumentation

ECondensation Particle Counters (CPCs)($12K-$30K)
FParticle number only

EScanning Mobility Particle  Sizers (up to $70K)
F-ull size distributions
Eumber and mass (with assumptions )
EBSemi-continuous

Fast Mobility Particle  Sizer (up to $120K)
BSolid state
EContinuous

Filter -based techniques with inlet ($5K -$25K)
MMass only, speciation, toxicology possible

Aime -integrated or continuous A



]@ How should we monitor for Ultrafines?

| aGHBY : :
Condensation Particle Counters

Tatal Flow Critical
Orifice 0.6LPM
«

~_ Light scattering
dectector photodiode

.— Butanol reservoir

Condenser block
=~8C

\ Saturation block
T=~25C

Porous medium/wick

Sample Inlet
06 or 1.51PM

16
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Specifications

Dg; Min. Size (nm)

Max. Concentratlon
[partlclesfcm )

Concentration
Accuracy (%)

Response - T95 (s)
Sample Flow (LPM)

Total Inlet Flow

Working Fluid

Display

Data Logging/
Storage

SMPS Compatibility

How should we monitor for Ultrafines?

500,000 100,000 0,000 | 10,000 | 250,000 2012013 - 300,000 | 400,000

Internal Internal External External | Internal Internal External Internal Internal

Digital Digital
LCD LCD
On- On-

board board

{‘Iélbéj

Digital Touch igital ch

LCD aph w/graph aph

Flash Memory Memory Flash

drive Card Card drive
--

A S T
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How should we monitor for Ultrafines?

Condensation Particle Counters (2)

GRIMM CPC line-up

Mobile

Stationary CPC Line

=,

Grimm Model

5.410

5.412

5.414

5.416

5.420

5.430

Short description

All-inclusive
portable CPC

Counter on||y
for externa

pumps

Counter only
with pump

Counter and
SMPS with

sample pump

All-inclusive
stationary

CPC

All-inclusive
CPC for 19"
racks

PMP-CPC for
automotive
applications

Max Conc. [1/ccm]

Single count mode

20,000

100,000

100,000

150,000 (0.3 lpm)
100,000 (0.6 lpm)

150,000

150,000

70,000

Max Conc. [1/ccm]
Photometric mode

10~7

10~7

10°7

1007

10~7

1077

D50 [nm]

45(1)

4.1 (1)

4.1 (1)

4.1 (1)

4.1 (1)

411

23 (2)

Sample Flow [lpm]

0.3

0.6

0.6

0.3&0.6

0.3

0.3

0.6

SMPS option

yes

yes

yes

yes

Battery

yes

Internal pumps

yes

yes (sample air)

yes

yes

Internal tank

yes

Netbook included

yes

yes

yes

Port for external sensors

yes

yes

yes

yes

Size [h x w x d) [em]

22 x26x 30

23 x25x29

23x25x29

23 x25x29

40 x 25 x 29

I?F[

23x25x 29

(1) Measured with Ag particles

(2) Measured with soot particles
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How should we monitor for Ultrafines?

Condensation Particle Counters (3)

KANOMAX

The Ultimate Measurements

.|
aerosol solutions

19



1@ How should we monitor for Ultrafines?

| aGHBY CPC COMPARISON

DetectableParticle Diameter Range 6nmto3e m 7nmto3e m 5nmto3e m
Maximum Detectable ParticleConcentration (cnr3) 5x 10P 1x 106 1x 107
Particle Counting Errors gl = T =
9 at 5x10°cm?3 at 1x10°cm?3 at 2x10*cm™
Aerosol Flow Rates (L/min) 0.12+0.012 0.12+0.012 1.0+£0.1
Inlet Flow Rates (L/min) 0.6+0.12 3+0.3 1.035

[1 Gasoline vehicle (%)
" Diesel vehicle (%)
Total traffic flow (veh./Smin)
Gasoline traffic flow {veh./Smin)
=== Diesel traffic flow (veh./Smin}
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How should we monitor for Ultrafines?

CPC COMPARISON
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Tested CPC instruments



| How should we monitor for Ultrafines?

CPC COMPARISON - Precision

TSI13783a vs. 3783b TS13783b vs. 3783c _ TSI13783c vs. 3783a
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| How should we monitor for Ultrafines?

| AGHIBY CPC COMPARISON - Accuracy

TS13783 vs. 3785 TS13785 vs. 3781
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| How should we monitor for Ultrafines?

| AaBl CPC COMPARISON 7 Averaging Time

TS13781 vs. 3783 TSI 3783 vs. 3785 TS13785 vs.
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How should we monitor for Ultrafines?

CPC COMPARISON 7z Particle Size

& Downwind
v Others
m  Upwind

Normalized Concentrations, dNIdIogDp (cm")
Count Median Diameter (nm)

Particle Diameter {nm) 1e+4

Total Particle Number Concentrations (cm'3)

—QO— TSI 3781 vs. 3783
-8 TSI3783 vs. 3785
cesld.. TSI 3785 vs. 3781

Coefficients of Divergence
Coefficients of Divergence

—Q— TSI3783a vs. 3783b
-3~ TSI3783b vs. 3783c
«o.. TS| 3783c vs. 3783a

30 40 50 60 70 80 40 50 60 70 80

Count Median Diameter (nm) Count Median Diameter {(nm})
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AG

Size Distribution Measurements ($$$%$)




