BNL-65383

APPORTIONMENT OF LIGHT SCATTERING AND
HY GROSCOPIC GROWTH TO AEROSOL COMPOSITION

L. M. McInnes, M. Bergin, and J. Ogren
National Oceanic and Atmospheric Administration
Climate Monitoring and Diagnostics L aboratory
Boulder, CO 80303

S. E. Schwartz
Environmental Chemistry Division
Department of Applied Science
Brookhaven National Laboratory
Upton, NY 11973-5000

February 1998

Published in
Geophysical Research Letters
[25, 513-516, 1998]

Research by BNL investigators was performed under the auspices of the U.S.
Department of Energy under Contract No. DE-AC02-98CH10886, with support from the
Atmospheric Chemistry Program (ACP) under the Office of Health and Environmental
Research.



GEOPHYSICAL RESEARCH LETTERS, VOL. 25, NO. 4, PAGES 313-516, FEBRUARY 135, 1993

Apportionment of light scattering and hygroscopic growth

to aerosol composition

Lynn Mcinnes, Mike Bergm® and John Ogren
HOAA Climate Mosbonng wid Disgrastios Laboralory, Doslder. OO

Stephen Schwariz*

*Broakhaeen Mational Labaratory, Environmental Chemiary Devirion, Uple, NY

Abstract,  [hring & fecent campaign at the MOAA CMDL
imceiteging stilice on Sable lsdasd, Cansda (43,93 N, S0.01° W)
i dval-nephelometer humibdigrsph mesaured the hygrasoopic
prowih fcter of aomsal scalleriog, Laeleg), ose ol the key
prramsters meveasary for estursting shoni-wave strosal radinlive
folng Meammemenils  pevealed e growth  for
athropogenscally inffuenced serosols then for marine, fud o) of
17 201 we 27 & 0A, whime Ldo.] = OpomdToms A
comhined measurement-modeling approach was used 1o estimate
o and ils KH-dependence, based an the measured paricle sipe
dhstnbefeom and  composition.  The model suggested  thal
differences m he paticle sice dastnbution, assaming the sune
arrosel compasifion, could not explain ihe ohserved dilferences
in Lyl W have confirmed with individus] paicle enalyss,
that aerosol composibon was mdeed responzible for the
diflerence mn ologh Az well, the sesilermng conbrtbulion of
crgaist Gt fior the infloenced cise is Al Jessl as moch as
aulfaie aenasal

Introduction

Trepoaphenc acrsals infloente the carlh's mdistion balance
by seatmering and absaring & postien of the incomang shorl-wive
soler radintson, and by medifying s oplical propesties of
cluda, includang thiir spatssl extent and lifelmme. In contrast bo
welb-mived grosshouse gases, e aorossl spatial distribstion is
highly i fodem with resget 1o asrasol mass snd particle size
distsvbution, oailined to roughly the lowest I km, dependoni on
provimity of sersal souges repsons, acrosel lifetimes which are
sire dependent, and the abnlilty of partsebes 1o actvate in cloud
Fhe magnatske of durect radsstive forcing estimates depends on
eeveral phrarmeors acluding mass wosilenng efficiency, relative
humsidity dependence of aerosol saltenng, and acrosol mess
ieading [Schwerz, (PR6] Caloulstices of global energy balance
agpest that ihe el eflewl of tropesphenc mallse serosol on
regaonal clunste i@ a megolive lorclig (wel cooling), with
significsmt eocding expecied ower iedustrial regions of the
Fearthern hemaspbeers [Chanlson of al., 1902].

Doy salt particles when exposal 10 sullickent concentrmions of
water vapor will mpidly deligecsce, 1.6 transfoms into soluban
droplets. The RH of deliquescence i3 dependent on the water.
selubiliny of the salt, ie. is composilios dependeyd.  Ambient
mensmemenis of hygroscopsc growlh of seromels from Sealfle,
Wa md Dever, OO0 atiribuled the Isck of a discermble
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deliquescence point io 2 mined and variable perosal compasition
[Cevert erall, J973). Bood amd co-muthors [J955), with ssmilar
phservalzons  in Buverside, CA noted 1hai dhe  acrosol
deliquescence retumed after henling to 200 O, suggesting
mternal moxtures of bvgroscopss and non-hygroscopic metcnal
Feodh hvgrescopic and noa-bygroscopic modes were nhaerved for
peromal i les Angeles the Po Walley, with diameter Factor,
feol D) = Dogead Do = L0 {0 provwtin) g0 1.5 Mooy and
Sralzanterg, TPEY: Sveaningiton eral, [R02)

Adrborne measmements of kvroscopic prowth of acrasol
sailering over i CA and WA coasl rovealid valoes of Le{og)
T g ey hetween 1.2 and 3.3, with liitle or no alivinde
dependence [fgge e af, FP08]  The authors afinboled the
waniahilily to differences in the mass medion diameter of the
aercsal, with an irverse dependesce on size. Valuss of falag)
are soimeniest dependent en the lower RH walve selecied for the
comparicon, and fre commondy (although nod abways) taken in
ihe range 20 io 0% RH.

In Sepreber of 1996, we comduciod & 2-woek feld camjengn
ol Sable lsland,  {r primary molsafices were w0 obtain
measurements  of Galog) for  marine,  conbinenial, and
anlbropegenscally indivenond arrmasaes selecied on the bass af
isemtropic minmass apecbory analyses [Mamr ang' Kokl 190947,
and o éxamine 105 depemlence on the measured paticle sme
distritruipm snd composison. Becsase the melstive comirbulian
of orpgimic serosals W e light scaltering bodped and their
infleerce o hyproseopic growth are relabively unknesn, we
wsed size dgpendent compasition measuremenis o apporison
scaflering Lo sea sall, sullate, cogansc, and minemal acrosol. 'We
modeled he aserosol scallenng  coelfeseni {o,) based on
measurements of ke dry paicle see distnbution snd  smoe-
dependenl  mmposiliom  and  compased  resudls wath  inesito
miasieneits of oy 85 8 fiscbon of FH,

Acrosol Mensurements

The NOuAA CMDL aerascd program corsime of & setwork of
Haorthern  hemisphere  momiboring  stations  desmgned 1o
charecterize the means, waniabilipes, and tremds of climate
forcing properties for different perosol sources [Olgrem e ol
d00d], Climatically-relevas serosnl parameics af Sable Island,
Canada (4393 B, 60001~ W) hase boen moniiored contineously
e August 1992 as o joint collaberatson with the Atmospheric
Enviromment Service of Environmen! Cinsdn.  The absence of
kocal emission sources and presimity o e Morth American
cantinesd makes Sable lsfand well sudled (o memitoring
anthropogenic asrcsal sdvected freen the nodbeasten US, and
manne acresa from the Monhern Atlmbc
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Aeros  mearurements al Sable Blaml rootinely  mclude
mimber concerilrsiion, light sculterimg and absorplion, mass
concentration, and wader-saluble icemic composilion, measured
for the sub 10 and | pm sercmol,  Air drsn inlo the sampling
sinck o a flow rate of | o' min® spends ~7 seconds im the slack
before erdering a heated mlet secfion designed fa psaintain the
RH of the airstresm af 40%. The kamid maries envimament of
Sahle bsland in the summertios @ regaiee & el s 160 O
heating to achieve the desred RH. Evapomtive losses are small,
corresponding o wl most a0 20% decrease im the  acrasn
scattering for volstile compoands such as ammdnium nitesds
[Bergim ot al, 1POT] A Qe aplifter divides the airsiream o 5
separsie pathwens, oie lme delivirs sicsal 1o the sephelemiter
il 30 alpoa, one 0 an sulomated [iller carousel & 30 slpen, and
U pianfinang limes are conpecled o vaomm (o mamiain a kolak
fMowrade of 150 alpen. Large parfsches ané repntved by 10 pm
impactors preceding the nephalomeler and fier caoasel.  The
werosn] palbway 18 automalscally switched belwesn mmpaciors
(10 1 jam) s Eronk of the mephbedoneler 1o ovaluaie e relslive
seatierng contribstion. The comtrol BH ensmes thal the same
norminsl  sEe-e 13 used, and eliminaies the confounding
inflssnce of ambient BH amd T om he measuremsenis.

A T8I 3553 Inlegratmg Nephelomole (ThonmoSystams Inc.}
miaslingd thi 1eial light scaltering of sarbome parficles all Liree
vigthle waselengths (450, 550 and 7MY nm}  The hygroscopic
ot parameler of serosol scatienng, GJdog), 15 8 relative
mizzine of the serosol cattering coefficient sl Bagh and low B,
represenied 85 O pw - wwd Touwey, Where &0%% BH is the sampling
conbred.  Such quantities are directly measurable with a dual-
mephclameler humidigraph [Kolowtsawr. Finkolos et af, 1904)
v mephelometer comlinucusly measures the aerosol scatienng
coellicient sl the control RE, while the second mensures o,
befween 50 and 904 R, aliernating sub | jpm and sab | jum
acrosol at the control bumsdity every 50 minutes. & KH, T
®ensor neconds airstream conditkons @ te nephelomelers .

The particle number size distribution from 0.02 w0 050 gy
dasmeter was measared with o Scanning Mobility Particle Sizer
[BMPE, TEI 1934 [Niffasion dryers maistained the airsizeam
humidilies below 20% RH, with BH, T sensors recording
conditions. Flowrwle drifl was slimdnated with mass flow
contrallers. The particle number copcentratim (T, > 0013 pam)
was manitored with & condensation necleus counter (TS 3740,
Integraled number concentratbons: from the SMEPS system agresd
within 0% of the CM estehlishing that most of the particles
were m Lhas size ramge.

Aerosols were collected for individus]l particle anelysia tasce
daily (2-10 muinute collection) esing a mullistage low pressure
{uing x ray arahsic) was determined with eleciron microscopy
(EM) vechnaques [Mefnmer of o, F9%T7] for partscles 0006 < [, =
1.0 jim, assembded from low mapgnaleabion digital images of the
dépasit.  The propected area of each particle im 20 was

Table 1. Sector Designator for banne and [nifosnced Crse

tr.__lj ractiom
sy, 1986 wind sector tmabs 10 jumj sub | jum
63 R I5.01 £ L6 AT 003
s LLo 43413 D15 +002

Bector code = 11 indicates the traleciory remssed i e pesvesin sselim

MCIMNES ET AL. AFTORTIOMMENT OF LIGHT SCATTERIMNG

i
LE T |
F =
= &
' i ot s, Sy 1.7
w
R || o i, deay <
p 1
4 II. 5 -
1] 1y !
2 1 ‘
L]
o —_—— ——
Wy o I8 M T b e M N

Ty (LITEY, Josiaiy

Figure 1. Aerosc] mass concemtration from gravimetne analyzie
of filters and estimeies from the particle size disinbulion,  Frror
bars indhabe the imcertamty in the grasmelric analyss.

copverted o an acresol  dinmeter based oo appropnate
coverman Bectors for labomtory parlicles of kmown size
Agreement was ohlnined with respect (o the relstive nusmber of
particles in each hin of the SMTS and EM size distributions, o
within £20%% af the mumber

A second imgactor collected parlicles between | and 10 pm
for subeequent analysis. Downstream, 2 hour filler samples
wer: collected with an suloenated carousel system, ahich were
subsequently weighsd in s controlbad stmosphere at 30+ e RH
(2l Oy oat HOWA PMEL.  Afler waighing, the filters aere
extracied and analyzed for water saluble snions (S0, C1, MOy,
Br) and cations (M@, NHS, Cs&, Me', K uming icm
checanstogriphy.  Differences belween the gravimetnc and 1otal
i mass  indicate Uhe presmce of edditionnl aernsol
componinis, such &5 carbonaceous ar insclubds mineral asrnsnd

Modeling fgy of Acrosal Scattering

The aerosof scaliening coefficienl, O, for the sub | pm
aerosol was eslimabed for sach caso as:

S = 7 2 DR KAy Ay

L

where the particle site distsmbuiion was represented as 20
separate size bina (m = 200 between (000 and |0 pm dinmeter
whiere nry is the member of particles countsd in each bin ol mean
diameter, I3, The approximation of Bohren and HislEman
[198])] was used Lo represeod the BMae samenng elficiensy of
spherical particles, KL}, wavelength L = 550 nm assumang a
mefractve index of 1.5 - 0, Uneommnly m b refaciive mdex
of +1Fs (1.35 o 1.65) resulls in onky a 20% uncertsinty im the
eelimsled serosol scatbermy coeflicienl. For bagh BH comlitions,
the serc=al scatlering coefHO L, O, WS modeled as:

Tapin) = 5 D DS Dy KA
i=l

where G0} is the dameter growth Gctor. The equalions cas
be used o esimate the fnorease in merosod light scatiering,
ladl g b, T00p warinis dagmeter growdd faclors.
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Figure . Hygroscople prowih fcler of sevesal scoliermg,

), messured For the manme and - asthropogenically
inflaenced case.  The preater seather for the marine case ia
catizal by musch liwer serosal concentratioms

Resubts and Conclusions

Alrmass trejectorics [or the Ao cnses &ne supmnarized in
[abile | 35 three chamacler code ndicating the coder of passage
nta dalTerest wind sectors where 1 = marine (07 o 315, whene
0= = Mi, 2 = anthropogenically mfuenced (225 (o 35+), and 3 =
chean continental {305+ to 360} [Hards and Kahl, 1994], The
marise period (268 1o 269) had irajectories originaing over the
open ceean in the bowest 500 m of the marine boandary layer,
crossing ante the clean confimental séctor hefore mmval 81 Sable
Island For this period, CM and ag, were low (< 500 cm”®, and <
5 Bim' 81 40% RH)  The ssbmicrometer faction of he ot
scalter was 0,15, suggesting that meat of the scallermy, wag from
comrse wea esll memsal  This i consislend with Ondings by
Tioppel ef &l [/ 990 of o large role for sea salt semsol in the
light-scatiering budget of the marime boundary layer.

Relatively siable meteoralogical conditons wers encountered
on days 2645 o 2475, coincident with dranspodl ol
srithiropopenically nfluenced air from the northesstern U5, CN
concentpiisns were > 1000 cm and ag, (sub 1 pm) was 10 1o 20
Pl 4086 RH), representing o Lmes 6096 of the totel scatter.
Rfass concesirmiions wers 3 8n 5 lmes higher then marise
condikions.

hlass comcenbrabions {sub | jm) ore shown in Fig. | foc filiers
with > 15 m* of air volume. The acrosol mass as estamsted froi
the particle sie distribales {p = 1.7 or L3 g em®) i alsa
shoom.  We prasent a case stody of days D65 snd 268,

Figare 3. The hvgrescopic growth fector of percsol scabiering,

Hsl O} eliEnaited for many values of the diameter growih factor,

£.T3,, using messured pasticle size distribatioos for both cases

Benmored walees of LJfa,) from the humidsgraph nephélometer

al 85% BIH are indicated suggesting & digmeter growth factor of

L& for marine sevosal, and spnificantly less prowlh b the
i 1 i shhimh LI = 1010

(S ——— im
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Figure 4 Relatve scatienng comiibution of different aernscl

types e a) anilbgopopenically influenced and b) marine cise
Tdizea of ik mibimicrometer scatiering 15 dwe fo sea wall acrosd (6
1l EEnmE s

regmesenting apthropogenically infleenced and marine ammassaes,
respectively. The perinds wore selecied heconse of an abvious
difference in hygraoscopic growih, Ledo.) shown im Fig. 2. For
the marine case the nerosod was quite Bygroscapic, exhibaling &
alinesi 3 fold increase i O, =milar fo nesfural sea salo
meroscl [Pueschel a al, 196%), The growth af o, Go the
mitheopogenic case was nobiceably lower &l 1.7 £001.

Thres merosal modes were ohserved for he marise namber
gz distnbidica with diameters 0037, 0. 146, and 055 pmm. For
B anibsopegenically imlluenced case s domiman! mode was
pbserved & 0087 jm, with significent tniling ol larger sizes,
which sy indicote an exteral modure of seroenl Dpes A
woond mode was obseved &l 0.3F pm Thi  amall
cancentrations of smaller particles sugpesis the aerosal 15 aged.

The light scatiering cosMicient al the costrol BH was modeled
for each case from e pamticle size distribstices.  Modeled sl
measared values of o, for the anthropogemic case agreed 10
wylhen #20%. For the merine case, the mode] aderesionsied
the seroscd seattening by #0%.  This underestzmabion may be due
m part fo upcennisdies m the measered size destrfbtion Toe
partiche 0.5 10 1.0 pm, and BH differences in the sephelomater
[40%4) asd size distribmson (20%) measurememis, due lo the
bvgroscopicity of the marine aernsel. Rood et al. [1987) show
thal theme cam be s 1% differerce m the lighl scaltering
coelficient hetween these humidities.

T bvgroscopec growth fictor, G, ), was estimated using
the mieazared particle size distribwlion for sarous valoes ol
dinmeter growth factar, L0} The resalls are shown in Fig. 3
The hivgrescopic growdh of serpscl scablering, [aJdd.), if oec
somiimss s srana sarsasl ssewpascices snd e LN of 1.5,
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Figure & The sncrease i awp due to hygroseopic growdh of

aerosol components ol £5% RH. The uncertainty in the value al
A% RH 6z from & 20% change m the refrdtive mdex, ahile
mcertamilees in the roported valess & B5% afe (oo using
diameter growtls Factors of 1.5 and 1.7, with & constant reliacgive
ke

woald be 2 B far the marine case, and 6 for the anthrepogendially
influenced case, caang bo the smaller particle size etribaon of
the anthropogemic case  In oonlrast, the measined Cnia a2
for the moaming caze and 1.7 for the aniboopogenic cese.  Thess
resalts smply that serosol composition, rather than differences in
the particle s disinbetion, is responshle T the abaeeed
differences i ludT,)

The relstive abundance of cach avrossd e, detesmined from
b, was used to estimate ils refative contribiaion o the peesol
leght scaltemmg as a function of sizo, a& shown B Fig 4. Mol
surprizingly, the becsal  composition (sub | pmd i
predamirandls sea salt for the manne case represdnimg A af
v, ot 405 BH. with & small contmbution fom sulfale and
mineral acrosol  For the anthropegenic came the sevosol
copmpivsticn was more veried, with ses st contnbuting —10% of
b sul | i scafering  Miners|, carboracecus and sulfale
waroenal wtre resgeenibile for the remainder. The to the diflicalty
un edtmitieg the amoust of orgenic carbon in imlermally maxed
mm.wmulumwﬂmitisum“uﬁlﬂmlu
sulfate aomsal. The resulls also sugpest thel non-bygroscogic
traneral and carbomaceous acrosol contribuied to the chserved
MTerences in nygroscopes bebavior.  Indeed, if we assume &
Fud 12 off 1.6 for sea salt sevosal and no appreciohle growth for
the rematming aetosal bvpes in the anthropogenically inflosnced
wimple, the light scaflering sshancement is |9 2 0.4, sufficienl
o #:coim] for the meanred hygroscopsc groth (Fig. 53 This
cugge=ls [hel Lthe only hygroscopic component  for e
anthropogendc case is sen sall aerosol snd that other serosal
ommslibeends do oo grow appreciably; alematively we sagpest
that the growih of sea salt nerosol is suppressed, allowing for &
himited amount of growth pssociated with other acrosed oypes
This would imnply intems]l mixtares of non-hygroscopic maserial
nszocinbed with sea sall snd suliste paricles.
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