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/A OBSERVATIONS OF PROCESSED ASIAN POLLUTION WITH A HIGH RESOLUTION AERODYNE AEROSOL MASS SPECTROMETER

Goals of INTEX-B Campaign HR-ToF-AMS Installation and Performance Previous Observations

Intercept Asian Pollution During Transport Across AMS Performance During Comparison with Other Aerosol Instruments General Observations
Northern Pacific Ocean INTEX-B Campaign e Chemical composition of atmospheric

e Goal = Quantify amount of Asian pollution transported to North America ® First deployment of HR-ToF-AMS on B submicron aerosols generally dominated

* Asian pollution estimated to enhance N. American surface O; by airplane during MIRAGE/INTEX Data! by organics and sulfate o
several ppb, aerosol mass loading enhanced by 0.1 pg m-3 * For description of HR-ToF-AMS see e Organics to sulfate ratio high in free
* Improve understanding of chemical transformation of polluted air DeCarlo talk 8D4, Wed. 12:20pm troposphere, low in stratosphere
masses, both aerosol and gas phase, on days to weeks time scale e INTEX = 12 Flights ( > 90 hrs in air) e Prospero et al., 2003 observe increasing
« Validation of chemical and transport models & satellite measurements e No instrument down time SO, at Midway Island > Asian pollution

e INTEX-B campaign during spring 2006 — ® Quinn et al., 2000 found large fraction
* Season for most efficient transport across Pacific (see figures below) For dpscnptmn of MIRAGE of sub-micron marine aerosol was organic
+ C-130 based in Seattle; DC-8 based in Hawaii and Alaska campaign, AMS schematic, and Airborne measurements with
* Lagrangian experiments coordinated with DC-8 aircraft (see below) further comparison figures, see
* Specifically attempted to observe descent of Asian pollution into DeCarlo et al,, paper #14H49

boundary layer of North America

i . C-130 Installation AMS measure-
850 mb Winds - April AMS Mounted in HIAPER Instrument Mounting ments of free

Instrument Racks Schematics tropospheric

. Airborne
e Custom built internal rack P-3 Installation aerosol from Storm

.. . Measurements .
e Finite element analysis ensured with PALMS- Peak mountain-top
ificati t for HIAPER. C ’ observatory during
specifications met for , C- From Murphy R — D
e Allows mounting in HIAPER '

racks AND in custom P-3 rack

nepholometer & grab samples off east
coast of U.S.; Novakov et al., 1997
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Photos courtesy of P. DeCarlo

References for Map Below
AMS Inlet System 1) Bahreini et al. (ACE-Asia, 2001-Apr), JGR,

e 15t depl t of t 108, D23, 8645, 2003
cployment of custom To AMS 2) Kaneyasu et al., (Sapporro, Japan, 1987 to

designed inlet system 4 Pressure . 1988 all year), Atm. Env., 29(13), 1559, 1995
e Belly inlet ~ 50 ft from Flow ™\ Asian Tl’anSPO It 3) Heubert et al. (ACE-Asia, 2001-Apr), JGR,

) . .. ) . : . : : o 4) Dunlea et al. (Storm Peak, 2004-Apr), in prep.
Intercomparisons p— ° Nel,ar 1§ok1netlc sampling Cabin Floor ] relative depletion of organics during lifting ) Jaffe et al., (Crater Lake, 2001 to 2002 all
e Satellite 1500 Umiy———. at mlet tip :

Isokinetic near As1.a; Followed‘by SO, = SO, year), Atm. Env., 39, 297, 2005
e Ground Sites — | e Expansion to larger tube conversion over Pacific 6) Salcedo et al. (Mexico City, 2003-Apr), ACP,

« Mt. Bachelor g at low angle (9.9°) Skin of Plane ® VanCuren, 2003 measured organics 6,925, 2006

<10Kft
. 7 - - - - Brock et al. (ITCT-2k2, 2002-M R
* Mt. Whistler <= C-130 fly-by Mt. e 37 Ipm total flow through 1” Stainless Steel associated with Asian dust in filter samples |7 ISSCD;;; 2é 2(504 | ZUZER LG

® Other Aircraft _ Duchess ~Sis| — Bachelor inlet (30 Ipm to PILS; 7 i Tube Smooth Bend e Jaffe et al., 2005 observe organics in 8) This Study (INTEX, 2006-Apr), Flight #3
*DC-8 Thgoreﬂcgll spiral Ipm to AMS + bypass) b A " Diffuser Style Inlet ~ Asian outflow over North America 9) This Study (INTEX, 2006-Apr), Flight #4

: | S undernea mbient Air : c
* Duchess (WSU) BBl e overpass Braslie consiled et e Cabin and ram heating - e Heald et al., 2006 model transport of 10)This Study (INTEX,2006-Apr), Flight #5

O (CEFILERLCEtE _"-'Rhmo b;J_im e éﬁ%ﬁ? rom Photo by Glenn Wolte means dry aerosol sampled Asian sulfate aerosol with little organics 11)This Study (INTEX,2006-May) Flight #7

Figures from Bill Brune
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Processing of Asian Aerosol During Trans-Pacific Transport Ratio of Organics to Sulfate Across the Pacific

Observations of Organics and Sulfate _ : :
Urban Organic Aerosol and High Resolution Mass Spectra Individual Measurements of Organic / Sulfate Ratios 1B

— Organics INTEX Flight #5 Other Observations Legend: Central Valley Seattle Clean Background Asian Pollution : - {5 :
— Nitrate . . . 5 S
Sulfate Asian Air Masses e Flights shown here from: Organic Masses D == v

illltﬂiltr;fér;ium * Central Valley (see graph on left)

fon,

Ny e v Bl ™ » Over Seattle area 5 CsH™ 120
seatle [ 4 Y N « Clean period over Pacific ocean 10576pe 80
l kh J.JL YN « Asian pollution events (see left) _ 5 40
Lot R, AN B o N BN, = Also identified by CO, NO, and 0 0=

(uny) spmn|y
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6:00 PM 12:00 AM 15.00 15.04 36.94 37.00 38.92 39.00 : % - o Height of bar is average
: . 300 N
4geattle Central Valley - ~ * Central Valley had higher loadings il indicate references above
- o e Red indicates airplane
- 0 study

4/28/2006 4/29/2006 other tracers during flight m/z 15 m/z 37 m/z 39 ratio of Organics / Sulfate
" e Central Valley and Seattle are similar 5004 o CgH\,io+ o] for particular study
INTEX Flight #7 in chemical composition 400 2 o+ 207 , e Numbers within squares
aHo™ 5 )
. s 200-
« TL "4 | [ Seattler6 2 for these particular flight legs 1007
ST T » Similar “slightly aged urban” 43.00 4310  43.94 44.00 57.00 57.10 91.0091.10
m/z 43 m/z 44 m/z 57 m/z 91
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e Blue indicates ground
study at mountain top =~ “«,
location 0
e Green indicates ground

ﬂ pollution (hours to days downwind)
e S20h il | e Aged urban aerosol characterized by
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AMS Mass Loadings (ug m'J)

AMS Signal

* Asian pollution
layers intercepted
INTEX ", { over ocean (top

| Flight #7 , graph) show clear
enhancements in

* See graphs to right for organics 100

* C,H, O, slightly higher percentage 307 i : : : : :
v 0- High Org / SO, Ratio Low Org /SO, Ratio High Org / SO, Ratio Observed

® Asian pollution shows enhanced ; - )
np 47.90  48.00 63.90 64.00 80.00 0.1 98.0 98.2 Observed Near Asian Sources Observed Over Pacific Over North America
potassium fragment (m/z 39) m/z 48 m/z 64 m/z 80 m/z 98

Central ’\ & If * Known marker for biomass CsH 5 L + Large Asian Scavenging Preferentially New Aerosol Further POA and
Valley /*\ i ) sulfate burning, possible evidence for this x 2 4 2" Emissions of Organic jll Removes Organic Aerosol Formation over SOA from North
% * Central Valley and and SO, Aerosol and |l and/or Organic Precursors [l Pacific — Primarily American
= : Seattle pollution Their Precursors Relative to SO, SO, Emissions
San Francisco ‘\-...,_\‘ ) shows clear
14 0 - enhancements in
Longitude organics

6:00 PM : 12:00 AM mixture of oxygenated (C,.H,O,) and .
5/3/2006 5/4/2006 y SO* _ . :
non-oxygenated fragments (C,H,) 150 study in urban location

e Asian pollution shows complete lack

of fresh aromatic fragment (m/z 91) LS R\ SO\ : /\

e No Obvious Organo_nitrate Or organo- 48.90 49.00 65.85 66.00 83.00 83.20 100.0 100.2 == r/‘ %% o ©
) : 2 z [I) -_— % _— e

sulfate peaks found in these flights s s R Ze =i N o

Mass to Charge Ratio e Idea originally proposed by Brock et al., 2004; our observations expound upon this story
e Organic aerosol formed relatively quickly (precursors consumed) compared to sulfate

ACknOWIedgmentS Acid IF: Aerosol Obgerved In ASIan Poll Uthﬂ ; ; ; e Scavenging event, via lifting in storm system, removes aerosol mass (& organic precursors?)
® NCAR RAF C-130 Crew & : : - e Low altitude Seattle pollution shows high Org/SO, ratio PRl B é‘z:ﬂ':a'l"\’j':;}:;“],cnuﬁon e SO, available to begin aerosol formation after scavenging event = acidic aerosol (H,SO,)
31,1? frgvritnszfli.ess&:ﬁiom%hkm’ 3 © Aan Polion (R 46 » Urban pollution aged ~ 1 day (see graph on left) 2 [ 11 Line > .
e NASA Organizational Team, ® Asian pollution shows low Org/SO, ratio ‘
especially 8. Tolley and K. Shiffer e Asian pollution has less measured ammonium than predicted
o NOAA collaborators, A. 1 . . .

Middlebrook, R. Bahreini. B. & from Inorganic ions (see graph on right)

Matthew and C. Simons b * NH, predicted = (36/98)*SO, + (18/63)*NO, + (18/35)*Cl

O g O S s TN e Asian pollution has enhanced H,SO, and fragments in high

NNG06GB03G. NSF CAREER | resolution mass spectra compared to urban pollution . . .
: . i i ! ; 0.8 : ; >

grant ATM 0449815 and 2.3 5 6 7 See graphs above (m/z 98 and 100 in particular) o R, 12 days 1wk

Organics / Sulfate Ratio .. . . . . .
NSF/UCAR grant S05-39607 e All indicative of acidic aerosol during Asian pollution events
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