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Formation of organic coating on BC particles

Gaseous pollutant 7S ‘ @
(e.g. VOCs) ( . ) 3 3
@ @0 -->
N~ o Photo- .
STy GrEEe oxidation Mix of POA, secondary

organic aerosol (SOA) and BC
aerosol (POA) and BC SOA in yellow
t t t t t I SOA in brown

Photo-oxidation
(SOA formation and aging)-




Sampling period and location — Fontana, CA

July 4-28, 201 ~ 80 km east of Los Angeles

South Coast Air Quality Management District-managed
site (Fontana Fire Department at 14360 Arrow Highway)




SP-AMS (Thermal vaporizer removed)

Coating R*
evaporation

I Filament
Onasch et al., 2012, Aerosol Sci. Techno., 46, 804
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Soot particle aerosol mass spectrometer
(SP-AMS) vs. HR-ToF-AMS
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Formation of SOA coating on BC surface
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Fraction of signals
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PMF analysis: 4-factors solution
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Photochemical age: Fresh or aged SOA?

OOA-1 & OOA-2 - Fresh SOA
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Occurance (number of particles)

Single particle detection: Event trigger (ET)

SP-AMS menu setting (2 min per 10 min cycle)

 ROI1: m/z 45-150 (Org) — 5 ions = Nitrate, sulfate, organic
* Or ROI2: m/z 43 (Org) — 4 ions > Organic

 Or ROI3: m/z 36 (BC)—3ions —> Black carbon

 Number of particles: 410,100 (~10,000 using LS in Toronto)
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Tofware (v2.4.5) — Data pre-processing

@) Tofware | v2.4.5
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Path to IF files: <relative>IF:

From Tofware:

Batch peak integration
Integrate peaks

Baseline is fixed at zero
Calculate errors

Apply TOF duty cycle: Integrate PeakData
28 v
MS Time-series More plots..
Stick MS  PMF / SoFi export HR & batch

Get List
all Createnew . . .
HDr_fllelD_O todo-wave Load Saum
HDF_filelD_1
HDF_filelD_2 View table  View selected todo
HEE_EIeIE_? Pop list Hide files in list

Active profile: default
Show data TS  Options...

Integrate unit-mass sticks

e ChopTimes (pToF data)

?

|

Particle signals

10

e MSSft_all (MS matrix)
e t start_wr (time)
—— maxHist36
250 — maxHist43
— 'maxHist45.465-150.49'
200 'maxHist45.471-150.49'
= 7 segments
07 2 pre-segments
7 4-post-segments
&= i I B | |
0 1 2 4 5

6



Clustering Input Preparation Panel (CIPP)

O CIPP_Panel Main Functions:

Clustering Input Preparation Panel v.2.1ET 1. Remove false positive (or identify
Developed by Alex Lee and Megan Willis (U. of Toronto) .
real particles)

' Settings l Frag table T Run | 2. Prepare waves and matrix fOr
~ Mass Spectrum Setting cluster analysis
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Remove false positive (or identify real particles)

O CIPP_Panel

Clustering Input Preparation Panel v.2.1ET
Developed by Alex Lee and Megan Willis (U. of Toronto)

Step 1: Calculate total ion signals
of individual event

’ Settings | Frag table r Run |

Remove air fragment from the

e —————— = . . .

[ Mass Spectrum Setting j/ matrix for total ion calculation
: m/z for air fragments 14,18,28,32,40 il : and cluster analySiS

I | m/z to be removed for clustering | 15,16,17.,23 € !

1 .

: Initial m/z (Check from ensemble data) 3 v -i\ Remove m/Z from the matrix

for cluster analysis

___lon Threshold Calculation

Particle region (dva, nm): Start 50 v End 1100 v
Background 1 (dva, nm): Start 10 v End 40 =
Background 2 (dva, nm): Start 2000 v End 4000 v
Exclude background ion: < 1 v > 20 =

The first m/z of MS

___ PToF Paraemters

4»

vl 41.56 v vg 329.2'v Dx 52.85/v b 0.7431

Chamber length (m) 0.295 =
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Remove false positive (or identify real particles)

O CIPP_Panel

Clustering Input Preparation Panel v.2.1ET
Developed by Alex Lee and Megan Willis (U. of Toronto)

9

[ Settings [ Frag table T Run |

___Air (UMR, Diff, Filter period)

air[29)/air[28) 0.0069329 air[30)/air[28) 9.88486e-(
air[44)/air[28) 0.0010231 air[16)/air[14) 0.392589

~ Hz0 (UMR, Open)

H0[16]/H;0[18] 0.0157 | Hz0[17]/H;0[18] 0.2519

___ Aerosol components (HR/UMR, Diff)

S04[32)/504[48] 0.21 S04[81)/504 [98]
S04[32)/504[80] 0.068 NH[15]/1T6) 0.064

S04[65)/504[64] 0.1938 3(14]/NO3[46] 0.04
------------ F------------

SP-AMS BC detection: : K detection:

"1
I
BC[12)/BC[36] 0.478 :||<[411/K[39] 0.0722
BC[24)/BC[36) 0.37975

Simplified fragmentation table

 Parameters are determined
from UMR and HR ensemble
data or default fragmentation
table in squirrel

“BC” option for SP-AMS data

I
BC[48)/BC[36] 0.098266 :
BC[60)/BC[36] 0.10477 :

“K” option for data with
strong BBOA signal

13



Remove false positive (or identify real particles)

® O CIPP_Panel

Clustering Input Preparation Panel v.2.1ET
Developed by Alex Lee and Megan Willis (U. of Toronto)

f Settings ] Frag table T Run ]

___ Mass Spectrum Setting

m/z for air fragments 14,18,28,32,40

m/z to be removed for clustering 15,16,17.23

Initial m/z (Check from ensemble data) 3 v
" lon Threshold Calculation |
Particle region (dva, nm): Start 50 v/ End 1100 v :
Background 1 (dva, nm): Start 10 v End 40 |+ :
Background 2 (dva, nm): ~Start| 2000 [+| End 4000 | |}
Exclude background ion: < 1 v > 20 v :
o T T T

___ PToF Paraemters

4r

vl 41.56 ||+ vg 329.2!'v| Dx| 52.85 v b 0.7431

Chamber length (m) 0.295 v

Total ion signals

Step 2: Calculate ion threshold
for real particle events

Threshold = Mean +3*std deviation

Background region

1000 —

100 4.

rTSTTTTTT==




Clustering Input Preparation Panel

@ CIPP Panel

Clustering Input Preparation Panel v.2.1ET
Developed by Alex Lee and Megan Willis (U. of Toronto)

| Settings [ Frag table [ Run .
Run the ion threshold

Run: Identify real particles based on <« calculation (total ions)
threshold values of total ion signals

Run: Identify real particles based on
threshold values of individual species

Plot: Size distribution of total ion
signals (All events and real particles )

Plot the results
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Total ion signals

Results from CIPP

Background average = 2.2932 Standard derivation = 1.1892

Total ion threshold = 5.8609 Particle # = 70695 of 4.101e+05 (17.238%)
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i - . b ............ 3 AerosolComp
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Setting the threshold too high?
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Clustering Input Preparation Panel

@] CIPP_Panel

Clustering Input Preparation Panel v.2.1ET
Developed by Alex Lee and Megan Willis (U. of Toronto)

( Settings [ Frag table I Run

Run the ion threshold
Run: Identify real particles based on <« calculation (total ions)

threshold values of total ion signals
Run the ion threshold
Run: Identify real particles based on ¢

threshold values of individual species calculation (SDECiES, testi ng)

Plot: Size distribution of total ion ¢
signals (All events and real particles ) Plot the results

18



Total ion signals

® All particles

1000

100 .

o

—

Results from CIPP

® Real particles(species) ® Real particles (total ions)
74476 (18.16%) 71049 (17.325%)

(7 o . IIIIII
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Cluster analysis Panel (CAP)

O CAP

Cluster Analysis Panel (CAP V.1.2a ET)
Developed by Alex Lee and Megan Willis (U of Toronto)

Time resolution (s) 180/ ¥ '

Startm/z |3 ||v |

Run All Steps

K-means Clustering  Number of dusters 30 v4|

- N - * 1 A
Sort Time/Dva SRR Y

* NH4 frag removed = 1
Inorganic removed = 2
Orgameagly = 3

Plot total distance

Number of clusters 0
Number of Class 0

Plot all cluster info

A
v
A
v

Plot Mass Spectrum

Plot MS Histogram Clustering

Plot size distribution Results Panel
Plot time series
Plot particle number

Plot Cluster Comp

: Combine cluster
Cluster number to be combined

Total distance

Time resolution (for plotting time
series of event trigger data)

Number of cluster (Max = 30,
built in k-means clustering
from IGOR Pro)

4000 C9
I
|
3500 I
|
|
I
3000 I
|
2500 :
|
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Cluster analysis Panel (CAP)

O CAP | Particle number in each cluster
Cluster Analysis Panel (CAP V.1.2a ET) | |
Developed by Alex Lee and Megan Willis (U of Toronto) ; 25x1 ()3 -
Time resolution (s) 180/ ¥ '
Run All Steps stz [3 B | 2 20 —
............................................................................................................................................ §
K-means Clustering  Number of clusters | 30 |y | | £
S = Matrix Type* 1 |5 ‘ E_- 15+
ort Time/Dva 5
* NH4 frag removed = 1 o
Plot total distance Inorganic removed = 2 8
Organic only = 3 & 10
............................................................................................................................................... S
: Z
Plot all cluster info  Number of clusters 0 3/
Plot Mass Spectrum | umoerofCiass 10 fvi |
E
Plot MS Histogram Clustering -
TR Results Panel 0
Plot size distribution E | | | |

2 4 6 8

Plot time series
Number of Cluster

Plot particle number

Plot Cluster Comp

Combine cluster Number of clusters | 0 |7 |
Cluster number to be combined :
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Cluster analysis Panel (CAP)

® O CAP

Cluster Analysis Panel (CAP V.1.2a ET)
Developed by Alex Lee and Megan Willis (U of Toronto)

Run All Steps

Time resolution (s) 180 @ -

Start m/z | 3 @

K-means Clustering
Sort Time/Dva

Plot total distance

Number of clusters | 30 @

Matrix Type* 1 |5
* NH4 frag removed = 1
Inorganic removed = 2

Plot Mass Spectrum

Plot all cluster info

Plot MS Histogram

Plot size distribution

Plot time series

Plot particle number

Plot Cluster Comp

Organic only = 3

Number of clusters 0 @
Number of Class 0 @

Clustering
Results Panel

Combine cluster

Cluster number to be combined

Number of dusters 0 @

/

Fraction of ion signal in each cluster

TG~

0:8—

0.6 -

0.4 +

Fraction (Aerosol composition)

Q.2

0.0

T . 7 T
2 4 6 8
Cluster number
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CAP V1.2ET - Graphical Results

........

Graphical Results Panel

CAP_Cluster_Results

Number of clusters 9 '5‘ Particle Class 5 :

@ og @ N4 @ N03 [ S04 @ 8C @ K @ Total

Refresh Plots

{ 60 - 4007
‘o =]
2 0] PToF
= 404 MS e 300
g 30 2 . . °
& 8 200- distribution
= 7] X
- 10+ Ll £ 100-
| 0o buth. bt cabiats st | =
i L I B L B NN AL BRI B B B
: 20 40 60 80 100 120 140 160 180 200 220 240 | 0= 23ty T
A P S S S SUPRS O 1000
o
§ 0.8 500
400
£ oe- MS x40 Particle #
o 0.4 19:
= 200 - : H :
E 024 |.| Histogram | & o ‘“ ||h distribution
£ i
Z 0.0 n whi Lot s aabis 0 ||I| lk‘
TrerrTmeT T TreTrrETT T e e e 45673' T 45678
20 40 60 80 100 120 140 160 180 200 220 240 1000
m/z dva(nm)
— BC — NO3 — NH4 — S04 — K
@
€ 1
3 20
s ; ‘ | j ' ‘
10 } \, | (M LY |
‘ 1IN . g ! \ ! e 1. 1 AL LS | , ! "‘.l‘ bR AR .
0 LAY S N Ll S |, BT e AT T e A b T A PV T Y __.‘L.‘___L o g E et} Tlme
1 — Org — Total °
. 1200 series
“-:' 4
3 800
o l
£ 400+ |
)} \ |
0_lT' T ...V T | T T — l i. T I‘ T -' T T T T | T T | T T T l | T T
7/9/15 7/13/15 7/17/15 7/21/15 7/25/15 24

Date and Time



Fraction of signals
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PMF analysis: 4-factors solution

CaHo
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Clustering results: 15t run (9-clusters solution)
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Fraction of ion signals

(b) 43

71

1 (@) 81 (HSO5")

(e) 30 (NO")

46 (NO,")

40 80

98 (H,50,")

Clustering results: 2" run
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Summary

Remove false positive (improvement?)
K-means clustering (works! Match PMF results)

How to determine duty cycle for event trigger?
Light scattering?



