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ABSTRACT

In this paper some microphysical and optical prteerof urban aerosols were extracted from OPAC to
determine the effect of hygroscopic growth at tipectral range of 0.28n to 2.5um and eight relative
humidities (RHs) (0, 50, 70, 80, 90, 95, 98, an#®9The microphysical properties extracted werd radlume

mix ratio, number mix ratio and mass mix ratio asiaction of RH while the optical properties aretsering
and absorption coefficients and asymmetric parammetésing the microphysical properties, growth dastof
the mixtures were determined while using opticalpgrties we determined the enhancement paramaidrs a
were then parameterized using some models. We \@ibahat the data fitted the models very well. The
angstrom coefficients which determined the paricizes distribution increases with the increasdrHs
except at the delinquent point where it decreaststhe increase in RHs. The mixture was determioeldave
bimodal type of distribution with the dominancefioe mode particles.

Keywords. microphysical properties, optical properties, ftoggopic growth, parametrazition, enhancement
parameters.

INTRODUCTION

Currently over half of the world's population livesurban centers, and that fraction is increasiegdily [1].
Cities are major sources of particulate matterctvtwan be advected out of the boundary layer amairealoft

in the free troposphere for days to weeks [2-4]pdwoting Earth's radiative balance while undergoing
intercontinental transport. Given the regional giabal importance of urban aerosols, it is necgstat the
interaction of urban aerosols with water vapor bell wharacterized. The hygroscopicity of aerosals a
currently modeled in global climate models (GCMspstly to better predict the scattering properéied size
distribution under varying humidity conditions [46]

A number of studies have focused on aerosol hygmisity in major urban areas. Because urban aeiesol
part, an external mixture of organic and inorgacienponents, hygroscopic behavior is often compleit
several growth modes observed [5-11]. This implied water uptake will typically be complex, withutiple
growth modes comprised of hydrophobic, slightly foggopic, and hygroscopic modes, with as manyas si
growth modes observed periodically [5, 8]. Sizeatw®nt hygroscopic properties are often observed,
corresponding to distinct composition for Aitkendaaccumulation mode aerosol [9, 12]. While hygrgsco
properties of inorganic species are well-charaogeki organics can exhibit hygroscopic behavior irmngrom
hydrophobic to somewhat hydrophilic [12-14]. In@ie@ organic mass fraction is generally associatéd
suppressed water uptake [9, 15-17]. Oxidized, wstduble organic carbon can exhibit RH-dependefetce,
with enhanced water uptake at lower RH (below 7a%) suppressed uptake at high RH (above 90%) H8, 1
Because organics comprise the dominant fractiomadt urban aerosols [20], the hygroscopicity of thgan
organic fraction plays a key role in the overaljfgscopic behavior of the aerosol.

Globally, roughly one half of atmospheric aerosalssiis organic, a fraction which can be even higherban
areas. Typically between 40 to 85% of organic carbweasured in different locations world-wide hagrbe
shown to be water-soluble [21-26].

According to Andreae and Gelencser [27], soot aafmarticles, formed during combustion processessisb of
aggregates of spherules made of graphene layersgy laémost purely carbon. Due to its morphology and
relatively constant refractive index, the absonmptgpectrum of soot carbon is expected to exhibigshmom
exponents of about 1.0+0.1 for particles with diterein the range 10—-100 nm [28, 29]. MeasurentakEn at
urban areas support this statement [30-32]. Intéhe urban aerosol cases (TARFOX and ICARTT) the
Angstrom exponent is close to 1 [33]. Moosmulleak [34] modeled the absorption spectra of homeges
spherical brown carbon particles and found a deereh Angstrom exponents for larger particle diarse{from
0.1 to 10 um). A similar result has been found lypawali et al. [29] for uncoated black carbon sphere

Several metrics exist for quantifying particle watptake. The hygroscopic growth factor gf(RH), e¥hiis
defined as the ratio of the particle diameter at Bl to the particle diameter at RH=0% is the mamhmon
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metric and provides a simple and intuitive measiithe magnitude of particle growth due to watetalep. It is
used to characterize the change in the microphygicperties of the particles. The next is the ltasy change

in the optical properties which is described by &mhancement factordRH), which, for a specific optical
parametery, is defined as the ratio between its values detexunin any conditiong(A,RH) and to those
determined in dry conditiongA,RH=0 %).

Observed gf(RH) in the less hygroscopic mode ofnraerosol range from 1.0 (no growth) to 1.4; fer more
hygroscopic mode, GF ranges from 1.1 to 1.8 [35-88]le the measured and modeled enhancement $afctor
urban aerosols have been described in severabpiestudies [39, 40].

The aim of this study is to determine the aerosyigroscopic growth and enhancement factors for rurba
aerosols from the data extracted from OPAC. Onetand/ariables parameterizations models will befquen to
determine the relationship of the particles’ hygmsc growth and enhancement parameters with the RH
Angstrom coefficients will be use to determine plagticles’ type and the mode size distributions.
METHODOLOGY

The models extracted from OPAC are given in table 1

Table 1 Compositions of aerosol types[41] .

Aerosol model type Components ConcentratiQfichi®)
Urban WASO 28,000.0

INSO 15

SOOT 130,000.0

Total 158,001.5

where : Nis the mass concentration of the component, vetieible components (WASO, consists of scattering
aerosols, that are hygroscopic in nature, suculistes and nitrates present in anthropogenilcipat), water
insoluble (INSO), soot (SOOT, not soluble in waaed therefore the particles are assumed not to gvibhv
increasing relative humidity).

The hygroscopic growth factor gf(RH), which indiesithe relative increase in mobility diameter atipkes due
to water absorption at a certain RH and is defiaedhe ratio of the particle diameter at any Rkhto particle
diameter at RH=0 and RH is taken as [43, 44]:

DURK)

gf(RH) = —— 1)

oiRM=O)

where RH is taken for seven values 50%, 70%, 8@%, 5%, 98% and 99%.
The gf(RH) can be subdivided into different clasaéh respect hygroscopicity. One classificatiotased on
diameter growth factor by Liu et al [45] and Swiekl et al., [43] as barely Hygroscopic (gf(RH) 70%41.11),
Less Hygroscopic (gf(RH) = 1.11-1.33), More Hygsic (gf(RH) = 1.33-1.85) and most hygroscopicvgio
(gf(RH) > 1.85).
Atmospheric particles of a defined dry size tydicaxhibit different growth factors. This is due @&ither
external mixing of particles in an air sample oriable relative fractions of different compoundsindividual
particles (the latter here in after referred togassi-internally mixed). A mono-modal growth distriion
without spread can only be expected in very cleahteomogeneous air parcels. Most atmospheric aeras®
externally mixed with respect to hygroscopicitydamnsist of more and less hygroscopic sub-frastjd8, 46].
The ratio between these fractions as well as ttwitent of soluble material determines the hygrpgcgrowth
of the overall aerosol. Particle hygroscopicity mvayy as a function of time, place, and particie$b, 35, 43].
The size and the solubility of a particle determihe response of an ambient particle to changd¥HnThe
water vapor pressure above a water droplet congidissolved material is lowered by the Raoult @fféhe
equilibrium size of a droplet was first describeg Kohler [42], who considered the Kelvin (curvatuend
Raoult (solute) effect. Prediction of hygroscopiowth factors with Kohler theory requires detailetbwledge
of particle composition as well as a thermodynamaxel, which describes the concentration dependehttes
water activity for such a mixture. The hygroscogiowth factor of a mixture, gfi(RH), can be estimated from
the growth factors of the individual componentgtaf aerosol and their respective volume fractidqs,using
the Zdanovskii-Stokes-Robinson relation [47-50]:

8 CBH) = B %ig i) 2)
where the summation is performed over all compoprgsent in the particles. Solute-solute interactiare
neglected in this model and volume additivity iscahssumed. The model assumes spherical partidéesd,
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mixing (i.e. no volume change upon mixing) and peledent water uptake of the organic and inorganic
components.
It can also be computed using the correspondingoeurinactions pas [9, 51];

Srmix RH) = By mig ) @®)
Where ny is the number fraction of particles having thevgtofactor gf .
We now proposed the gf(RH) to be a function of mass mix ratio as

. 7y L,

#fni BH) — Epenegg fi )7 4)
where the subscript k represents the differenttaunbss.
The RH dependence of gfiRH) can be parameterized in a good approximatip® lone-parameter equation,
proposed e.g. by Petters and Kreidenweis1 [52]:

Shnix (o) = {1+ 22 ) (5)
Here, g is the water activity, which can be replaced bg tklative humidity RH, if the Kelvin effect is
negligible, as for particles with sizes more relgviar light scattering and absorption. At equilibm, it can be
shown that, over a flat surface, the water actigijyals the ambient relative humidity in the sutohsded humid
environment 53, 54]. The coefficiertis a simple measure of the particle’s hygrosctpiand captures all
solute properties (Raoult effect).
Humidograms of the ambient aerosols obtained ifouaratmospheric conditions showed that,§RH) could

as well be fitted well with g-law [55-59] as
¥
8fcy (BH) = (1 - 2] ©)
Particle hygroscopicity is a measure that scales/tume of water associated with a unit volumergfparticle
[52] and depends on the molar volume and the agtaefficients of the dissolved compounds [60].
The bulk hygroscopicity factor B under subsaturattiH conditions was determined using the relation:
B =101 = gfaitino, (7)
where g is the water activity, which can be replaced lg/RH as explained before.
The impact of hygroscopic growth on the aerosolcaptproperties is usually described by the enhavece

factor f(RH,\):
yiam D

fy (RH., ) = vpi=0.d) (8)
where f(RH)) can be denoting the aerosol scattering and atisorpoefficients, and asymmetry parameters.
RH corresponds to any condition, and can coverdiiire RH spectrum. In this paper we will only use
scattering, absorption and asymmetric parameter.r&ason for using asymmetric parameter is to ohinerits
effect on forward scattering as a result of hygopse growth. This method was initially introduceg Govert et
al. [61].
In general the relationship betwegrir#, 1) and RH is nonlinear (e.g. Jeong et al. [62]). His tpaper we

determine the empirical relations between the ecédrment parameter and RH [63] as:

f (RH A =

pER A ( 1DD—RH,.,J|-)F )
pRH=BA T \IDE-RHpigh

where in our study Rk is 0%. They known as the humidification factor representsdbpendence of aerosol
optical properties on RH, which results from chanigethe particle size and refractive index upon
humidification. The parameter in our case was olethby combining the eight.RH . 1) parameters at 0%,
50%, 70%, 80%, 90%, 95%, 98% and 99% RH. The ugda$ the advantage of describing the hygroscopic
behavior of aerosols in a linear manner over adraage of RH values; it also implies that partcee
deliquesced [64], a reasonable assumption fodtia set due to the high ambient relative humidiitsing the
field study. They parameter is dimensionless, and it increasesingtieasing particle water uptake. From
previous studies, typical valuesyofor ambient aerosol ranged between 0.1 and 154

Two parameters empirical relation is also used §2 as;
_ RHCH) b
£, (RH,2) = o1 - T2C0) (10)

The model assumes equilibrium (metastable) grodtheoaerosol scattering with RH such that the Idignaph
profile does not display a deliquescent growthigoFor aerosol in a humid environment, this betawill
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hold true. Most aerosols are a mixture of metastahl deliquescent particles and will exhibit some
deliquescent behavior.

The Angstrom exponent being an indicator of th@sarspectral behaviour of aerosols [68], the spect
behavior of the aerosol optical parameter (X, saith the wavelength of lightj is expressed as inverse power
law [69]:

X(A)=pr* (11)
where X{) can represent scattering and absorption coeffigieThe variable X( can be characterized by the
Angstron parameter, which is a coefficient of thkofwing regression,

INX(A\) = -aln(x) + InB (12)
However the Angstrom exponent itself varies withvelangth, and a more precise empirical relationship
between aerosol extinction and wavelength is obthimith a 2nd-order polynomial [70-80] as:

INX(W)=ax(In)? + alnd + Inp (13)

and then we proposed the cubic

INX(L)= InP + agInk + o(INk)%+ a5(Ini)? (14)
where X{) can be any of the optical paramefery, oy, o, 0z are constants that are determined using regression
analysis with SPSS16.0.

We also determine the effect of hygroscopic growmritihe effective refractive indices of the threeel
aerosols using the following formula [81]:

Fofr—%n 1 . Bi=fp
Fprr+EE _E"=1‘ﬁ it (15)

where fands; are the volume fraction and dielectric constartheff” component ane is the dielectric
constant of the host material. For the case of itareorentz [82, 83], the host material is takeéovacuumsg
=1.

RESULTSAND OBSERVATIONS

Table 2: the growth factor of the aerosols using number mix ratio (equation 3and Bulk hygroscopicity factor
(equation 7)

RH 50 70 80 9@ 95 98 99

Ofmix(RH) 1.0137 1.0199 1.025p 1.0365 1.0496 1.0p87  27.08

Bulk
Hygroscopicity
factor (B) 0.0290 0.0218 0.0175 0.01p0 0.0080 (6004 0.0027
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Figure 1; a graph of growth factor of the mixture using number mix ratio (equation 3)

Figure 1 shows a steep curve with deliquescenceredd at relative humidities as from 90 to 99%RHe T
smoothness of the curve shows that the mixtunetésnally mixed.
The results of the parameterizations by one pammeétequations (5) and (6) are:
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C= 1.0769, k= 0.0022, R2= 0.8730 (equation 5)
7= -0.0168, R2= 0.9985 (equation 6)

The fitted curve can be represented by one empparameters fit of the form of equations (5) aéf (hough

equation (6) has higher coefficient of determinatio
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Figure 2; Bulk Hygroscopcity factor of the mixture using number mix ratio (equation 7)
Figure 2 shows non-linear relation B with RH, (@egt curve) with deliquescence observed at relativeidities

Bulk Hygroscopicity Factor (B)

as from 90 to 99% RH. The smoothness of the curegvs that the mixture is internally mixed.

Table 3: the growth factor of the aerosols using volume mix ratio (equation 2and Bulk hygroscopicity factor

(equation 7)
RH(%) 50 70 80 9(Q 9% 98 29
ofmix(RH) 1.0456 1.0711 1.0956 1.1453 1.2039 12854 QB34
Bulk
Hygroscopicity
factor (B) 0.0991 0.0816 0.0703 0.05p9 0.0382 07022 0.0142
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Figure 3; a graph of growth factor of the mixture using Volume mix ratio (equation 2)
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Figure 3 shows a steep curve with deliquescenceredd at relative humidities as from 90 to 99%RHe T

smoothness of the curve shows that the mixtunetésnally mixed.

The results of the parameterizations by one pammeétequations (5) and (6) are:

C= 1.3110, k= 0.0125, R2= 0.8906 (equation 5)
7= -0.0626, R2= 0.9987 (equation 6)

The fitted curve can be represented by one empparameters fit of the form of equations (5) aéy though

equation (6) is better because it has higher aneffi of determination.
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Figure 4; Bulk Hygroscopcity factor of the mixture using volume mix ratio (equation 7)

Figure 4 shows non-linear relation B with RH, (@est curve) with deliquescence observed at relativeidities
as from 90 to 99% RH.

Table 4: the growth factor of the aerosols using mass mix ratio (equation 4)and Bulk hygroscopicity factor

(equation 7)
RH(%) 50 70 80 9(Q 9% 98 929
ofmix(RH) 1.0425 1.0654 1.0878 1.1342 1.1911 1.2f30 9B32
Bulk
Hygroscopicity
factor (B) 0.0921 0.0747 0.0641 0.0483 0.0354 (6021 0.0136
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Figure 5; a graph of growth factor of the mixture using mass mix ratio (equation 4)

Figure 5 shows a steep curve with deliquescenceredd at relative humidities as from 90 to 99%RH

The results of the parameterizations by one pammeétequations (5) and (6) are:

C= 1.2823, k= 0.0121, R2= 0.9011 (equation 5)

7= -0.0599, R2= 0.9974 (equation 6)

The fitted curve can be represented by one empparameters fit of the form of equations (5) aéf (hough

equation (6) is better because it has higher aneffi of determination.
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Figure 6; Bulk Hygroscopcity factor of the mixture using mass mix ratio (equation 7)

Figure 6 shows non-linear relation B with RH, (@egt curve) with deliquescence observed at relativeidities

as from 90 to 99% RH.
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Figure 7: A plot of scattering coefficients against wavelength

Figure 7 shows that hygroscopic growth has morecefat shorter wavelengths and this indicates ithlads
more effect on smaller particles. Its relation withvelengths shows a steep curve that satisfiegplaw. This
increase is due to the growth of smaller partitbesizes at which they scatter more light beingermonounced
than that for larger particles. At the deliques@epoint (90 to 99%) this growth with higher humiielitincreases
substantially, making this process strongly nordmeith relative humidity [84, 85].

Table 5 The results of the Angstrom coefficients of scattering coefficients using equations (12), (13) and (14) for
urban model at the respective relative humidities using regression analysis with SPSS16.0.

Linear Quadratic Cubic
RH(%) R2 o R2 al a2 R2 al a2 a3

0| 0.9906] 1.5018 0.996[1 -1.5781 -0.1661  0.9993 aL72 -0.0041 0.2124
50| 0.9853] 1.5793 0.9986 -1.7040 -0.2714 0.9997 9267 -0.1704 0.1324
70| 0.9816| 1.5962 0.9992 -1.7416 -0.3165 0.9998 0468 -0.2447 0.0941
80| 0.9779] 1.6022 0.9995 -1.7647 -0.3537 0.9998 06n8 -0.3065 0.0618
90| 0.9698] 1.5917 0.9997 -1.7820 -0.4143 0.9997 8BL{ -0.4107 0.0047
95| 0.9602] 1.5506 0.9995 -1.7641 -0.4648 0.9996 326f -0.5008 -0.0473
98| 0.9469| 1.4597 0.9988 -1.6925 -0.5067 0.9995 2916 -0.5791 -0.0948
99| 0.9373] 1.384( 0.9983 -1.6243 -0.5231 0.9993 47B% -0.6109 -0.1151

The values ofu at linear part reflects the dominance of fine iple$ and the quadratic part re-affirmed the

statement by Eck et al. [71] who reported the exrist of negative curvatures for fine-mode aeroaal$

positive curvatures for significant contribution bgarse-mode particles in the size distributiorca also be
observed that, the hygroscopic growth as a regutcoease in RH has caused increase, iat the RH between
0 to 80% but decrease at the delinquent pointsd®®%)a, increase throughout whikg change the sign from

positive to negative and this shows increase indtirminance of fine mode particles with hygroscagriowth.
The cubic part shows that the particles have biahtygpe of particle distributions with the dominanef fine

mode distributions.
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Figure 8: A plot of Effective real refractive indices against wavelength

Figure 8 shows that hygroscopic growth has causededse in the effective real refractive indices decrease
with wavelengths. The non-linearity of the plotghwiespect to wavelength shows the presence ofpbarical
particles. The non-spherical nature increases tvéhincrease in hygroscopic growth.
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Figure 9: A plot of scattering enhancement parameters against wavel engths

Figure 9 shows that increase in hygroscopic grdveth caused increase in enhancement parametees ktec
seen that it is more sensitive to medium waveleagBut in relation to wavelengths, from 50 to 80%RH
almost constant, but started increasing with wangtle substantially from 90 to 99% and made thiscess
strongly nonlinear with relative humidity [84, 85].

The results of the fitted curves of equations (8) €L0) are presented as follows;
For a single parameter using equation (9).

At 1=0.251, y=0.463093, R=0.9980
At A=1.25y, y=0.547117, R=0.9982
At A=2.50, y=0.375913, R=0.9737
For two parameters using equation (10).

At 1=0.251, a= 1.121402, b= -0.427208>R0.9991

At 2=1.25y, a= 0.919682, b= -0.573340°=R0.9955

At 2=2.50y, a= 0.738665, b= -0.470782°-R0.976390

Because of the very good correlations , they veahi&/non-linearity relation between the enhancement
parameters and RH. The curve fitting by one anddwmgirical parameters fit show that they can beesged of
the form of equations (8) and (9) because of tya kialues of the coefficients of determinations.
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Figure 10: A plot of absorption scattering coefficients against wavelength

Figure 10 shows that absorption is almost indepetnoieRH. This shows the increase in hygroscopicagin

has little effect on absorption.

Several studies have shown that the aerosol alimoqefficient decreases monotonically with wane
[33]. Itis usual to approximate this wavelengtipeiedence by a power-law expression.

Table 6 The results of the Angstrom coefficients of absorption coefficients using equations (12), (13) and (14) for
urban model at the respective relative humidities using regression analysis with SPSS16.0.

Linear Quadratic Cubic
RH(%) R2 a R2 al a2 R2 al 0.2 03
0] 0.9958| 1.0326 0.997 -1.0072  0.0554 0.9989 -@.934-0.0277 -0.108¢
50| 0.9951] 1.0269 0.996 -0.9984 0.0620 0.9988 67.92 -0.0267 -0.1163
70| 0.9948] 1.0242 0.996 -0.9941 0.0655 0.9987 5591 -0.0241 -0.1174
80| 0.9945 1.0216 0.996 -0.9900 0.0688 0.9987 1291 -0.0211 -0.117¢§
90| 0.9940, 1.0157 0.996 -0.9806 0.0763 0.9986 2990 -0.0123 -0.1162
95| 0.9932] 1.0067 0.996 -0.9664 0.0877 0.9986 2589 0.0034 -0.110%
98| 0.9914| 0.9889 0.997 -0.9385 0.1097 0.9984 5887 0.0380 -0.094(
99| 0.9892] 0.9716 0.997 -0.9117 0.1304 0.9982 1B86 0.0734 -0.0746

W [O o o1 [ [O [N [P

The value ofx at the linear part reflects the dominance of finticles at 0% RH, but it can be observed that it
decreases with the increase in RH. Buat the quadratic part reflects the dominance afs® particles.

However,a, at the cubic part reflects the dominance of copssécles.

The reason for reduced Angstrom exponents atdaligutscence RHs can be attributed either to ttrease of

particle sizes or increase in the non-sphericalneatf the particles with RHs.
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Figure 11: A plot of Effective Imaginary refractive indices against wavelength

Figure 11 shows decrease in imaginary refractidéeces as a result of hygroscopic growth. From itperé it

can be seen that the refractive indices are venflsaf which that is the reason why the absorpitowvery

small.
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Figure 12: A plot of absorption enhancement parameters against wavel engths

Figure 12 shows a slight increase in enhancemetdrfat smaller wavelength, but it increases withihcrease

in wavelengths. This shows the dominance of coaastcles in absorption.

Enhancement factor as a function of RH shows alinear relation.

The results of the fitted curves of equations (8) €L0) are presented as follows:
For a single parameter equation (9).

At 1=0.251, y=0.010039, R=0.9832

At A=1.25y, y=0.007763, R=0.9944

At 1=2.50, y=0.035953, R=0.9453

For two parameters equation (10).

At 1=0.25., a= 1.007288, b= -0.007765°=R0.9842
At A=1.25y, a= 1.003428, b= -0.006691°-R0.9992
At A=2.50y, a= 0.962464, b= -0.047935°R0.9397
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Because of the very good correlations , they vehi&/non-linearity relation between the enhancement
parameters and RH. The curve fitting by one anddwmgirical parameters fit show that they can beesged of
the form of equations (9) and (10) because of igke talues of the coefficients of determinations.
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Figure 13: A plot of Asymmetric parameters against wavel engths

Figure 13 shows that increase in hygroscopic grasth result of the increase in RH has causedemall
particles to scatter more in the forward of whikhttis the reason why the scattering is highematlsr
wavelengths. This shows that as the particles @imesase, there is a decrease in scattering ifotherd
directions as the wavelength increases.
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Figure 14: A plot of Asymmetric parameters enhancement parameters against wavelengths

Figure 14 shows that the enhancement factor is mamaller particles and decreases as the pastide

increases as a result of hygroscopic growth ineeasad finally becomes less than one at higher leagth.

Enhancement factor as a function of RH shows alinear relation.
The results of the fitted curves of equations (8) €6L0) are presented as follows:
For a single parameter using equation (9).

At 1=0.251, y=0.041147, R2=0.9419

At A=1.25p, y=0.037260, R2=0.9982

At A=2.50p, y=-0.058162, R2=0.9642
For two parameters using equation (10).

At A=0.25, a= 1.060538, b= -0.022738, R2= 0.9498
At A=1.25p, a= 0.992577, b=-0.039594, R2= 0.9974
At A=2.50p, a= 0.949436, b= 0.041912, R2= 0.8902
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Because of the very good correlations, they vetlfg non-linearity relation between the enhancements
parameters and RH. The curve fitting by one andewgirical parameters fit show that they can baesged of
the form of equations (9) and (10) because of thk Walues of the coefficients of determinationnxdn also be
observed that there is a change in the signaofd b.

CONCLUSION

From the three gf«(RH) it can be concluded that the higher valuesddrgerved using volume and mass mix
ratios because of the high density of WASO. This iBne with what Sheridan et al. [86] found, dretbasis of
analysis of in situ data collected at SGP in 1988t aerosols containing higher fractions of smabiarticles
show larger hygroscopic growth factors. From owules despite soot being having the least sizehégiter in
fractions shows that using volume mix and mass ratios, shows that the mixture is more hygroscopic.
However, still in their they showed that aerosalataining higher fractions of more strongly absogoparticles
exhibit lower hygroscopic growth factors, in ourmease it shows that using number mix ratio.

The effect of hygroscopicity in the enhancementpuaters show that it has more effect on the mediize
particles for scattering while is higher for abs@mp by larger particles.

The effect of hygroscopicity on scattering showst tine mixture has more dominance of fine partieled that
of absorption shows little absorption, while théeef on asymmetric parameter shows that for smaketicles
the hygroscopic growth increase forward scattewhde for coarse particle it decreases forwardtsciaig.

The effect of hygroscopic growth shows that it @ases growth factor, optical parameters and enhserde
parameter to the extent that at the deliquescenod (B0 to 99% RH) the increase is so substatital the
process become strongly nonlinear with relative idityn[84, 85].

Its effect on angstrom shows that it increases thighincrease in RH, but as from the deliquesceoaat (90 to
99%), it decreases with the increase in RH.

It shows that increase in RH increases forwardtexéay) because particle growth enhances forwarfdadiion
[87] for smaller particles while in larger partislé causes increase in the backward scatterirggsdt shows that
the mixture is internally mixed for smaller paréislbecause of the increase in forward scatteriryrasult of
the hygroscopic growth [88].

These hygroscopic growth behaviors also revealmranense potential of light scattering enhancemerthén
forward direction at high humidities and the poigntor being highly effective cloud condensationctei for
smaller particles.

Finally, the data fitted our models very and carubed to extrapolate the hygroscopic growth ancecdments
parameters at any RH.

The importance of determining,gf{RH) as a function of RH and volume fractions, mizastions and number
fractions, and enhancement parameters as a funofidRH and wavelengths can be potentially important
because it can be used for efficiently represerdgrgsols-water interactions in global models.
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