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Forma(on	of	organic	coa(ng	on	BC	par(cles	
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Sampling	period	and	loca(on	–	Fontana,	CA	

July	4-28,	2015 	 	 		~	80	km	east	of	Los	Angeles	

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

Lynn	Russell,	UCSD	

SCAQMD	
monitoring	site	
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SP-AMS	(Thermal	vaporizer	removed)	

4	Onasch	et	al.,	2012,	Aerosol	Sci.	Techno.,	46,	804	
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Soot	par(cle	aerosol	mass	spectrometer	
(SP-AMS)	vs.	HR-ToF-AMS	

HR-ToF-AMS		
(thermal	vaporizer)	

SP-AMS		
(laser	vaporizer)	
BC-containing	
par%cles	only	

From	Sampling	inlet	

Pure	BC	 Organic	&	inorganic	BC	+	coa(ng	

	

SOA	coa>ng:		
Detected	by	both	
	instruments	
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Forma(on	of	SOA	coa(ng	on	BC	surface	
POA	dominant	 SOA	dominant	

Coa>ng	thickness	
RBC	=	NR-PM/rBC	
or	Org/rBC	

Photochemical	clock	
-log(NOx/NOy)		α	
exposure	(me	to	[OH]	

Higher	O/C	and	
oxida>on	state	
(OS)	for	SOA	
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PMF	analysis:	4-factors	solu(on	
Hydrocarbon-like	OA	
(HOA)-rich	factor	

rBC-rich	factor	
(with	the	support	of	single	
par(cle	characteriza(ons)	

Morning	
rush	hours	

Match	NO3	
peak	 Oxygenated	OA	

OOA-1	factor	

OOA-2	factor	

Photo-
Chemistry	

7	



Photochemical	age:	Fresh	or	aged	SOA?	

Photochemical	age	=	-log([NOx]/[NOy])/krxn[OH]	
	

krxn	=	7.9	x	10-12	cm-3	molecules-1	s-1,	[OH]	=	4	x	106	molecules	cm-3	

OOA-1	&	OOA-2	à	Fresh	SOA	
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Single	par(cle	detec(on:	Event	trigger	(ET)		
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SP-AMS	menu	seFng	(2	min	per	10	min	cycle)	
•  ROI1:	m/z	45-150	(Org)	–	5	ions	à	Nitrate,	sulfate,	organic	
•  Or	ROI2:	m/z	43	(Org)	–	4	ions	à	Organic	
•  Or	ROI3:	m/z	36	(BC)	–	3	ions		à	Black	carbon	
•  Number	of	par%cles:	410,100	(~10,000	using	LS	in	Toronto)	

July	3-28,	2015	
Light	Scafering	
cut	size	

Cool	period:	July	6	

Hot	period:	July	10	
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Tofware	(v2.4.5)	–	Data	pre-processing	
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7	segments	
2	pre-segments	
4-post-segments	

From	Tofware:	
•  ChopTimes	(pToF	data)		
•  MSSh_all	(MS	matrix)	
•  t_start_wr	((me)	

Par>cle	signals	



Clustering	Input	Prepara(on	Panel	(CIPP)		
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Main	Func%ons:	
1.  Remove	false	posi(ve	(or	iden(fy	

real	par(cles)	
2.  Prepare	waves	and	matrix	for	

cluster	analysis	

Waves:	(Row:	#	of	real	par(cles)	
•  Chemical	composi(on	(NO3,	SO4,	

NH4,	Org,	BC,	K,	Total,	air)		
•  Par(cle	size	(dva)	
•  Time	

Matrix:	
•  Row:	mass-to-charge	(m/z)	
•  Column:	#	of	real	par(cles	

False	posi(ve	



Remove	false	posi(ve	(or	iden(fy	real	par(cles)	
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Step	1:	Calculate	total	ion	signals	
of	individual	event	

Remove	air	fragment	from	the	
matrix	for	total	ion	calcula(on	
and	cluster	analysis	

Remove	m/z	from	the	matrix	
for	cluster	analysis	

The	first	m/z	of	MS	



13	

Simplified	fragmenta%on	table	

•  Parameters	are	determined	
from	UMR	and	HR	ensemble	
data	or	default	fragmenta(on	
table	in	squirrel	

“BC”	op(on	for	SP-AMS	data	

“K”	op(on	for	data	with	
strong	BBOA	signal	

Remove	false	posi(ve	(or	iden(fy	real	par(cles)	
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Step	2:	Calculate	ion	threshold	
for	real	par(cle	events	

Remove	false	posi(ve	(or	iden(fy	real	par(cles)	

Background	region	

Par(cle	region	

Threshold	=	Mean	+3*std	devia%on	



Clustering	Input	Prepara(on	Panel		
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Run	the	ion	threshold	
calcula(on	(total	ions)	

Plot	the	results	
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Results	from	CIPP	
Background	average	=	2.2932 	 	Standard	deriva(on	=	1.1892	
Total	ion	threshold	=	5.8609 	 	Par(cle	#	=	70695	of	4.101e+05		(17.238%)	



Sesng	the	threshold	too	high?	
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Clustering	Input	Prepara(on	Panel		
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Run	the	ion	threshold	
calcula(on	(total	ions)	

Plot	the	results	

Run	the	ion	threshold	
calcula(on	(species,	tes(ng)	



NH4:		3.2298	 	Par(cle	#=	4787	(1.1673%)	
NO3:		2.7512	 	Par(cle	#	=	3271	(0.79761%)	
SO4:			3.7364	 	Par(cle	#	=	1183	(0.28847%)	
Org:				4.3568	 	Par%cle	#	=	74476	(18.16%)	
BC: 				1.4504	 	Par(cle	#	=	4233	(1.0322%)	
K: 				3.9395	 	Par(cle	#	=	4966		(1.2109%)	
Total:	5.8338 	Par%cle	#	=	71049	(17.325%)	
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Results	from	CIPP	

74476	(18.16%) 	 	71049	(17.325%) 	
	 		 		



Ensemble	vs.	Event	trigger	data	(smoothed)	
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Event	trigger	data	(ions)	



Cluster	analysis	Panel	(CAP)	
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Time	resolu(on	(for	plosng	(me	
series	of	event	trigger	data)	

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

C9	



Cluster	analysis	Panel	(CAP)	
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Par%cle	number	in	each	cluster	



Cluster	analysis	Panel	(CAP)	
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Frac%on	of	ion	signal	in	each	cluster	



Graphical	Results	Panel	
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MS	

MS	
Histogram	

PToF	
distribu%on	

Par%cle	#	
distribu%on	

Time	
series	



PMF	analysis:	4-factors	solu(on	
Hydrocarbon-like	OA	
(HOA)-rich	factor	

rBC-rich	factor	
(with	the	support	of	single	
par(cle	characteriza(ons)	

Morning	
rush	hours	

Match	NO3	
peak	 Oxygenated	OA	

OOA-1	factor	

OOA-2	factor	

Photo-
Chemistry	
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Clustering	results:	1st	run	(9-clusters	solu(on)	
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Clustering	results:	2nd	run	
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Summary	

•  Remove	false	posi(ve	(improvement?)	
•  K-means	clustering	(works!	Match	PMF	results)	

•  How	to	determine	duty	cycle	for	event	trigger?	
•  Light	scafering?		
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