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Uncertainty in Aerosol Impact Assessment

Anthropogenic

Natural

Radiative Forcing Components

RF Terms RF values (W m™) |Spatial scale| LOSU
1 )
' |
: [ 1.66 [1.49 to 1.83] Global High
Long-lived | :
greenhouse gases I | | 0.48 [0.43 to 0.53]
J ~ Yy 1.4 0 14
: | Halocarbons 0.16 [O o 0.18 Global High
| ]
| | |
! | | -0.05 [-0.15 10 0.05]| continental
Ozone Stratospheric Tropospheric Med
: P PO ; 0.35 [0.25 t0 0.65] | to global
Z | ' |
S‘L‘g:gﬁ?:,g%wg:f 0 . , : 0.07 [0.02 to 0.12] Global Low
4 |
| |
' | 0.2 [-0.4 to 0.0] Local to Med
Surface albedo : Blgﬁks%aoraon : 0.1 [0.0 to 0.2) continental - Low
" | | i -
Direct effect | | | -0.5 [-0.9 to -0.1] Conu:'\ebmlal MLed
Total | ? ? | | to globa - Low
Aerosol | cloud albed ' e o : ! Conti |
oud albedo ! | | = 2 ontinenta
i s . ; : -0.7 [-1.8 to -0.3] % global Low J
| | {
| | |
Linear contrails | | | 0.01 [0.003 to 0.03] | Continental Low
| | |
| | |
Solar irradiance | I-—c | : 0.12 [0.06 to 0.30] Global Low
| |

Total net
anthropogenic

| |

|

| |
" 2 1 " 1

1.6 [0.6 to 2.4)

-1 0 1
Radiative Forcing (W m™2)

2

1002 30dI®

VUG

LA

12=A'M" 94\"\

IPCC AR4, 2007

> Due to lack of organic aerosol data and their source info. !!!

3




Aerosol Composition over World
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> In fact, OA fraction accounts about 50% or even more (up to
90% in submicron aerosols (Kanakidou et al., 2005)) at some locations. s
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FIGURE 2. Location of the megacities and regional observation sites (a); species contribution to PM,5 mass (zg/m®) (b) and AOD (c)
at the megacities and regional observation sites. The PM,; is plotted using a log scale to highlight the pollution related aerosols,

which are the major contributors to AOD.

Adopted from Carmichael et al., 2009

» Interestingly, OC is much higher than SO,* at some locations, e.g,,
Kolkata, Dhaka, Jakarta, etc., in Asia.
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Aerosol Composition in India

Atmos. Chem. Phys., 11, 8215-8230, 2011 iy —K .
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Characteristics, seasonality and sources of carbonaceous and ionic
components in the tropical aerosols from Indian region

C.M. Pavuluri!, K. Kawamura', S. G. Aggarwal' 2, and T. Swaminathan?

Average concentration of
EC: 6.5&1.6pgm™
OC: 91&9.7pgm™
SO,/:8.8 & 4.1pg m™
in winter and summer, respectively.
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Secondary Formation & Transformations with Aging
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Fig. 2. Results from the photochemical oxidation of diesel exhaust in an environmental chamber. (A)
The wall-loss—corrected aerosol mass, measured with a scanning mobility particle sizer, assuming a
density of 1 g cm™. The wall-loss correction is based on measured loss of the particle number,
accounting for the effects of coagulation, and it assumes that semivolatile vapors are in equilibrium
with both the suspended aerosol and the material deposited on the wall during the experiment (19).
The gray area indicates the primary aerosol (POA + other species). The red area shows the upper-bound
estimate of the contribution of known SOA precursors to the suspended aerosol mass (19). We attribute
the blue area to SOA formed from SVOC and/or IVOC oxidation. AMS results are shown in (B) to (D).
The AMS OA spectrum can be described by two components: the initial diesel spectrum (diesel OA) and
an oxidized residual spectrum (residual OA). The relative contribution of these two components to the
overall OA spectrum is shown in (B). The spectra of these two components are compared to reference
spectra obtained from factor analysis of ambient AMS data in (C) and (D). The spectrum of the diesel OA
component is quite similar to the hydrocarbonlike OA (HOA) factor (8, 9). By the end of the experiment,
the spectrum of the oxidized residual OA component is quite similar to that of the OOA factor (8, 9). The
solid line in (B) indicates the fractional contribution of POA to the suspended OA, based on the initial
particle mass and the wall-loss rate and analogous to the results shown in (A). The excellent agreement
between this line and the relative contribution of the two AMS components indicates that these two
independent approaches yield the same estimate of SOA. m/z, mass/charge ratio.

From Robinson et al., Science, 2007 7




Relative Abundances in Total Diacids (%)
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Laboratory photochemical processing of aqueous aerosols:
formation and degradation of dicarboxylic acids, oxocarboxylic
acids and a-dicarbonyls

C.M. Pavuluri!, K. Kawamura', N. Mihalopoulos' 2>, and T. Swaminathan*
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Objective

Objective of our research is to identify the sources and atmospheric
processing of aerosols during long-range atmospheric transport as well as
their variations with time over Northeast Asia through the measurements of:

(i) radiocartbon (**C) in TC & WSOC, and organic tracers, and *C and
BN isotopic ratios in bulk and water-soluble contents

(i1) diacids and related polar compounds (ketoacids, a-dicarbonyls and
fatty acids) &

(iii) compositions of trace elements, inorganic ions & carbonaceous
components,

in atmospheric aerosols (collected from Sapporo, Japan & in currently in
Northeast China).




Dicarboxylic Acids and Related Polar Compounds

d Impacts—  hygroscopicity & CCN activity [Saxera et al, 1995]
indirect radiative effect & hydrological cycle [ A/brechs, 1987]

U Loading—  diacids comprise up to 16% of aerosol catbon [Kawannra
& Sakaguchi, 1999]

 Sources —  Primary [Kawamura & Kaplan, 1987; Narukawa et al., 1999]
Secondary [Kawamura & Sakaguchi, 1999; Kawamura et al., 1990]

d Origins - Global models: biomass burning and SOA from BVOCs are
the two major sources of OA [Kanakidou et al., 2005]

Regional studies: anthropogenic sources contribute ~50%o
of OA and even more (in Asia) [de Goww and [iminez, 2009]

» Thus, there is an ambiguity on anthropogenic and biogenic source
contributions of organics (including diacids and related polar
compounds) particularly in East Asia.
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Ideal Location for Northeast Asian Aerosol Study
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[ Aggarwal and Kawamnra, 2008; Yamamoto et al., 2011]

d Generally, wind regimes are:

Westerly & N'W in autumn
Northerly in winter
Westerly in spring
Southwesterly & SE in summer

[from Kozke et al., 20006]
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Figure 11. Monthly mean horizontal wind field (m s ',
vectors) at 925 hPa (=1 km) in (a) January and (b) July
(ECMWF 2.5° x 2.5° grid data). The geographic location
of Moshiri observatory is also shown (solid circle).




Aerosol Sampling

TSP & ~2 weeks each (n = 21), ILTS building (~20m AGL), Hokkaido
University, during September 2009 — October 2010

Potential artifacts — may be negligible because:

» adsorbed otganics should be negligible [1wpin et al, 2000],
production/transformations are unlikely & evaporation should be
negligible

Chemical Analysis

Extracted into organic free Milli Q water, derivatized to butyl esters
and/or butoxy acetals, & measured with GC and GC-MS system

Recoveries were 91% for C, and C; acids & ~100% for C,, C; & C, acids, &
analytical errors were >12% for major species

The data reported here is corrected for field blanks

Stable carbon isotope ratios were determined using EA-itMS

12




Concentrations of Diacids & Related Compounds

Concentration Relative abundance
(ng m™) (o)
Range Med. Awe.x5D Ave.+ 5D
Diacids
C, 101-509 230 232+ 104 693+x64
C, 134-562 340 330x123 102+23
C. 655-285 157 171=574 565+19
Cs D92-567 365 364x123 12505
C, D82-342 246 238=0064 080+03
. 0D60-312 155 167x0467 05101
Cs 106-884 331 376+203 111+04
C, 45-2634 1378 138+x596 428+15
C 030-555 095 157x145 04604
Ciy 0D66-305 137 153+057 049+02
Cia BDL-010 BDL 002+003 001+00
1C, 0.18-083 056 051017 017£0.1
iCy 0D21-216 095 094=054 036+03
1Cs 0.10-054 031 032=013 01201
M 0D25-166 091 095=043 03402
F 016-137 069 070+029 024+01
mM 0D.16-124 056 058x028 021+02
Fh 128-859 338 399+205 15212
1Fh 0.15-289 067 0742054 02502
tPh 1.76-549 388 378+108 130+005
hC, BDL-034 015 016=009 006=00
kC, 034492 231 246=131 090+07
kC, 034-510 143 177133 053+04
Sub total  157-043 313 327+ 122
Eetoacids
wC, 103-281 180 184538 530=+11
W, D69-378 154 1692071 480+13
iy 108465 249 271x097 79125
mCs 0D33-148 088 092=033 268+x09
wC, D97-544 258 267129 TT75+30
wC, 108607 253 296+128 85930
mCy 071-25 150 158+x056 47419
Pyt 223-726 326 364+%1.16 105+16
Sub total 218-5327 343 345+82

Concentration (ng m™)

Range Med. Awve.+5D
Tricarboxylic acid

Cit BEDL-418 048 082100

a-Dicarbonyls

Gly 103-870 25 319x191

mGly 104-1213 24 353+278

Sub tofal 207-1634 462 672+382

Fatty acids
iy 218-125 654 T06+2094
Cis 556-T65 320 345=x164
Ciq 024601 188 240x184
Cis 168-2455 171 154=x617
Ciay BEDL-439 105 153=x157

Cap 113597 241 294=+133
C., BDL-074 046 045+016
C.y 156679 308 317=x145
Cx 014-156 071 073+x032
Cay 1.71-708 352 360=x16l
C.. BDL-09% 046 047+0325
C.g BDL-614 249 274+130
Caq EDL-041 BDL 007+011
C.g BDIL-441 155 163+1.14
C., EDL-014 EBDL 001+003

C,, BDI-264 039 075+087
Sub fofal  330-173 832 913=+413%8

d Oxalic (C,) acid — most abundant

d C,>C, >C, >Ph acids

1 Even C numbered fatty acids are

abundant
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Implication for Long-range Transported (Aged) Aerosols
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Source/Location Sampling Period Diacids-C/TC (%) Diacids-C/WSOC (%) Gyl E, Reference
Min Max Ave Min Max Ave Min Max Ave

Auto. exhaust 025 044 035 Kawamura & Kaplan, 1987
Tokyo, Japan Apr1988to Feb 1989 018 180 095 056 29 160 Kawamura @ Ikushima, 1993
Sapporo, Japan May-Jul 2005 074 360 180 2.80 8.10 480 088 240 140 _Aggarwal & Kawarmura, 2008
Chennai, India Jan-Feb & May 2007 040 300 158 400 110 590 Payuluri et al., 2010
Gosan, Korea Apr 2001 to Mar 2002 080 620 310 Kawamura et al., 2004
Western Pacific Aug-Oct 1992 110 490 320 2.10 147 8.20 Sempere &> Kawamura, 2003
Western North to  Sept-Dec 1990 1.10 158 8380 Kawamura &> Sakaguchi, 1999
Central Pacific
Arctic Ocean Aug 2009 028 210 087 Kawamura ¢f al., 2012
Arctic (Alert) Feb-Jun 1991 150 900 400 Kawamura et al., 2010
Sapporo, Japan  Sept 2009 to Oct 2010 122 3.03 1.95 3.73 16.3 9.20 1.01 5,18 2.08 This study
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1 Biogenic emissions might be

the major source of diacids and
related compounds in autumn,
spring and summer

d Anthropogenic emissions may

Q

be significant in wintetr.

Marine/terrestrial biogenic
emissions and photochemical
formation/transformations
might be higher in summer.

17




Mass ratios

Temporal Changes in Mass Ratios

JOURNAL OF GEOPHYSICAL RESEARCH: ATMOSPHERES, VOL. 118, 2362-2371, doi:10.1002/jgrd.50244, 2013
Enhanced modern carbon and biogenic organic tracers
in Northeast Asian aerosols during spring/summer

Chandra Mouli Pavuluri,! Kimitaka Kawamura,! Masao Uchida,? Miyuki Kondo,? and
Pingqing Fu'-?
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Temporal Trends & Distributions of Stable Carbon
Isotopic Compositions of Diacids & Related Species
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2 W The “NO” seasonal pattern & distributions
in 8BC & enrichment of BC infer that the
Sapporo aerosols are significantly subjected
for photochemical processing (aging)
during long-range atmospheric transport
over Northeast Asia.
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Conclusions

» Our results and their comparisons with the literature, together with the air
mass trajectories, indicate that dicarboxylic acids and related polar
compounds (as well as other organics) are mainly originated from biogenic
emissions over Northeast Asia and significantly aged during long-range
atmospheric transport.

» They further suggest that anthropogenic (including biomass burning)
emissions are significant in this region, particularly in late autumn to winter
whereas the (in situ) photochemical transformations are enhanced in
summetr.

» Thus, our research warrants that OA contents & their seasonal variations,
particularly driven by the biological activity, need to be considered in
models for better estimation of aerosol budget and their impacts on Earth’s
climate system.
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