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Future Regulatory Imperatives
Is all PM created equal?

Is some PM more equal than others?
(apologies to George Orwell)

-- Do sea spray and diesel exhaust have same toxicity?
-- Current mass-based NAAQS treats them the same

-- More cost-effective to regulate more toxic emissions

Source-based Regulation may be the future



Future Regulatory Imperatives
How do we deduce health effects of different sources?
Epidemiologically
-- Kids growing up near freeways
-- Kids growing up downwind of coal fired power plants

-- Many other studies
-- But correlation, not causative



Future Regulatory Imperatives
How do we deduce health effects of different sources?
Toxicologically directly from sources

-- Well how about those nasty secondary compounds?
-- And how about the atmosphere changing the toxicity?

-- Can we collect source-oriented PM from the
atmosphere?

-- Isn’t the atmosphere well mixed?






Source-Oriented Sampling
So what'’s the big idea?

-- Run a single particle mass spectrometer to characterize
the mixing state of the atmosphere

-- Assign prevailing sources or source combinations to
each of 10 high-volume ChemVol samplers

-- Use the single particle mass spectrometer to select
which ChemVol samples depending on the sources or
source combinations affecting the site



Inlet:

Focus Particles into a Beam
Size the Particles

|

Source Region:
Ablate/lonize Particles to F

orm lons

Mass Spectromet
Analyze lon Mass

er.
S

Computer:
Digitize and Store S

Categorize Spectra

pectra

Thermal or Radiativ
Energy Source

—




Rapid Single-ultrafine-particle Mass

Spectrometer (RSMS-”') Rotary
Valve
it Mech. /'\ _—"| Mech. Drier j—
P Pump F—_ = Pump :
Turbo AN 3 Split
Pump\ _ N T~ | o— ;l:rrgo
. N P

‘ ‘ Negative lon MS ‘ ‘ ‘ | Positive lon MS ‘ ‘

ArF Excimer Laser
193 nm @ 50 Hz @
N  ~10 mJ/pulse










00:00

13:0

09%:O




o mOn (ppbv) o

Q —
PR T T T T U U T T T T A

<]

,5 (TEOM)

—A— PM, 5 Sulfate

- S0,

30 min. averages
from 10 min. data

—— PM

12 13 14 15 16 17 18 19 20 21 22 23

&
]
i3
S
3
5
<]
=

10 11 12 13 14 15 16 17 18 19 20 21 22 23

—
—
o
—

9
Hour of the day (10/27/01)

4 5 6 7 8
4 5 6 7 8 9

3
3

2
2

& (qdd) suozp &

1
1

LA T T
. (4
(W) Sna (qdd) ‘0s




Conditional Source-Oriented Sampling
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Conditional Source-Oriented Sampling
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Pre-study Data Analysis
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Real-time Data Flow

Dual-channel 8-bit Digitizer

High-sensitivity Channel

Low-sensitivity Channel

Data Validation:
Particle Hit?

True .

4

Data Processing

Combine Raw Time-to-Mass M
High & Low [———)| Calibration via %}
Sensitivity Data Data pectrum

EM Algorithm

Spectrum Vector §

Noise Correct,
Integrate, Bin
& Normalize

b4

Cluster Library:
S « C > Threshold?

True
Class #

¢ asTeq

2

I
4 Ne
%

Outlier Cluster
Library:
S *0, > Threshold?

4
Clustering Algorithms

True '

Watchdog - - Construct Outlier Class True Watchdog -
Elapsed Time e - Class Combo Combo Library: ~ ——=J| # Observations:
& Particle Hits: |Class #’s Vector CC CC «0,,. > Threshold? New Combo?
= Thresholds?
True |
0 - ¢
S VS
@ kg Watchdog -
, (‘;";“Chd‘z_g - Class Combo Library: True # Successive
servations: — = - Observations:
. 9
New Cluster? CC=CC,, = Threshold? | ChemVol # > Threshold?
‘ ChemVol Number

J, Harc

32-Channel

16-Channel

ADC & DIO —}1 O-bit Form C Relay _)] 20 V'AC
Board Integer Output Board Power

'ware Interface

Normally-closed
Solenoid Valve




N =618 5-min. intervals

49.4% of total # of interva

| 31 + 24 particle hits/inter




N =234 5-min. intervals

18.7% of total # of interva

[/ 19 + 10 particle hits/inter




Runtime Parameters

Runtime Parameter Summer 2008 Winter 2009
Vacuum Aerodynamic
Diameter Scanned (nm) /O e
Particle Class Library —
Similarity Threshold (dot product) e D
Outlier Cluster Library — 5 15
# Observations for New Particle Class
Maximum Time between Successive 90 30
Single Particle Observations (s)
Class Combination Library — 06 0.81
Similarity Threshold (dot product) ' '
Class (_Zom_blnatlon Vector — 300 60
Time interval (s)
Class Combination Vector — 5 3
Minimum # Single Particle Observations
# Single Particle Observations between 3 3
Successive Class Combination Vectors
ChemVol Switching — 1 5

Minimum # Successive Observations




Fresno Metadata

Total Total # Total # Total # Class
Experiment Start Date | End Date | Sampling Mass Particle Combination
Hours Spectra Classes Vectors
Pre-study 8/13/2008 | 9/2/2008 446 21,906 4689
o 2
ChemVol | o1 1/5008 | 10/21/2008| 741 35,266 8785
Sampling
Pre-study 1/9/2009 | 2/11/2009 522 100,242 30,810
Winter
2009 ChemVol S
U 3/1/2009 | 4/6/2009 712 46,286 10,274
Sampling




Source Combination #

Temporal Trend in Source Combinations

Source combinations are temporally separated
Seven source combinations account for 91% of therbmtervals.
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Single Particle Summary Statistics

Summer 2008 Experiment

ChemVol S;rggllilng I-Drg:gcl:li S-;?r:?)lliﬁg SR Cs()clﬂsggizgzt?;g)

Time (hrs) Hits Intervals | Total # 'g\gertri?eej Ultrafine Fine
1 85.55 15283 991 4327 14+8 14+3 36 +10
2 63.69 13304 742 3844 24 +20 12+2 41+12
3 2.60 426 62 83 72 0.42 +0.08 1.3+04
4 2.26 400 61 76 8+3 0.41 + 0.07 1.1+£0.3

5 0.51 88 13 18 8+3 0.10 £0.02 0.21 £0.06

6 5.85 1106 133 242 11+6 1.1+0.2 2.9+0.8
7 1.45 240 38 45 73 0.16 £0.03 0.4+0.1
9 139.60 - 29 - - 17 £3 47 + 14
10 468.27 4419 1344 139 87 63 +11 197 £ 56
Totals: 770 35266 3413 8785 - 109 £ 12 328 + 60




Single Particle Summary Statistics

Winter 2009 Experiment

Total Total # Total # Class Combo Vectors Measured Mass (mg)
T Fmetne) | dis | ol | Totaw | Average# [ g Fine
1 6.91 7478 arv 2148 12 +7 2.58 +0.06 3.21 +0.04
2 6.04 4087 402 1479 7+2 1.30 £0.05 3.02 £0.03
8 4.41 3605 363 1239 8+5 1.01 £0.08 2.0+£0.5
4 1.65 1879 137 536 11+5 0.73 £0.04 0.8+0.2
) 4.72 4423 422 1421 8+3 1.33 +0.06 1.66 +0.08
6 1.98 2519 191 691 11+7 0.88 +0.07 1.23 £0.04
7 8.75 - 3 - - 1.07 £0.06 1.88 £0.06
8 92.49 - 32 - = 11.26 £ 0.06 15.48 +0.05
9 257.82 - 33 - - 27.22 +0.07 32.82 +£0.08
10 356.51 22295 2081 2760 6+1 37.16 £0.07 47.26 +0.09
Totals: 741 46286 4141 10274 - 85 107
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Summer 2008

Fidelity

Winter 2009
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Fidelity — Dot Product Matrices

Summer 2008 Experiment

Pre-study ChemVol Sampling (average dot product + 1 standard elviation)
Class EC K CAN EC/OC Na/K K/C Cal/C
EC 0.93+0.06| 0.23+0.06| 0.26 +0.08| 0.27+0.08 | 0.27 +£0.1 0.4+0.1 | 0.32+0.06
K 02+0.1 | 093+0.04( 0.2+0.1 | 0.273+£0.09| 0.2+0.1 0.3+0.1 0.2+0.1
CAN 0.26 +0.09| 0.25+0.09| 0.92+0.05| 0.234+0.09( 0.3+0.2 0.3+0.1 0.3+0.2
EC/OC 04+0.2 | 0.31+0.06| 0.32+0.08| 0.90+0.04 | 0.33+£0.08( 0.6+0.1 | 0.28+0.06
Na/K 0.30+0.08| 0.26 +0.05| 0.31+0.06| 0.25+0.08 | 0.96 +0.03| 0.4+0.1 | 0.42+0.04
K/C 04+£01 | 0.27+0.07| 03+0.1 | 042 +0.08| 0.3+£0.1 | 0.95+0.03| 0.27 £0.08
Ca/lC 03+0.1 [ 0.29+0.06| 0.34+0.06| 0.24+0.07 | 05+£0.1 | 0.35+0.09| 0.93+0.04
ChemVol 1 2 3 4 5 6 7
1 0.86 +0.06| 0.5%0.2 0.3+0.1 052+0.09| 04+0.2 | 0.39+0.07| 04z£0.1
2 0.3+£0.1 | 0.83+0.05( 0.2%0.1 0.56+0.07 | 0.3zx0.1 0.3+0.1 04+0.1
3 0.44+0.08| 0.6+0.1 | 0.88+0.06| 0.47+0.09 | 0.72+0.09| 0.46+0.06| 0.6+0.1
4 04+0.1 0.6+0.2 04+0.1 0.78+0.08 | 0.5z%0.2 0.3+£0.1 04+0.1
5 0.42+0.09| 0.6+£0.1 | 0.59+0.06| 0.65+0.09 | 0.83+0.06| 0.44+0.08| 0.6+0.1
6 04+0.1 04+0.1 0.3+0.1 05+£0.1 0.3+0.1 | 0.80+0.08| 0.4=zx0.1
7 0.38+0.09| 05%0.2 0.3+0.2 04+0.1 0.4+0.2 0.3+0.1 | 0.73+0.08




Fidelity — Dot Product Matrices

Winter 2009 Experiment

Pre-study ChemVol Sampling (average + 1 standard deviation)
Class MsC CAN EC MCAN PMP Carbon
MsC 0.98 £0.01 0.43+0.05 [ 0.61+0.04 | 054+0.03 | 0.12+0.03 | 0.19+0.05
CAN 0.43+0.05 [ 0.98 +£0.02 0.5+0.1 0.52 £ 0.07 0.13+0.03 [ 0.17£0.05
EC 0.61+0.04 [ 0.38+0.05 | 0.98+0.02 0.52+0.03 [ 0.12+0.04 | 0.17 £0.08
MCAN 0.54 +0.03 0.4+0.1 0.60 £ 0.09 0.98 £0.02 0.21 +0.06 0.4+0.2
PMP 0.12 +0.03 0.1+0.1 0.35+0.07 0.31 £0.07 0.98 £0.02 0.5+0.2
Carbon 0.19+0.05 [ 0.43+0.06 | 059+0.04 | 0.52+0.03 | 0.11+0.02 0.99 £0.01
ChemVol 1 2 3 4 5 6
1 0.93 +0.03 0.7+£0.2 0.5+0.1 0.7+0.2 0.5+0.1 0.71+£0.08
2 0.6+0.1 0.93 +£0.03 04+0.1 0.5+0.2 0.47 £0.07 05+0.1
3 0.6+ 0.2 0.6 +£0.2 0.93 £0.03 0.5+0.2 04+0.1 0.6+0.1
4 0.66 +0.09 0.5+0.1 0.44 +0.09 0.94 +0.03 0.46 £ 0.06 04+0.1
) 0.6+0.1 0.7+ 0.2 0.5+0.1 0.6+0.2 0.93 £0.03 0.5+0.1
6 0.72 £0.08 0.5+0.2 0.5+0.1 0.5+0.1 04+0.1 0.93 £0.04
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