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ABSTRACT

In this paper, the author extracted some microphysical and optical properties of urban aerosols from
OPAC by varying the concentrations of wate
eight relative humidities (RHs) (0, 50, 70, 80, 90, 95, 98, and 99%).The microphysical properties
extracted were diameters, volume mix ratio, number mix ratio, mass mix ratio and refractive indices
while the optical properties are optical depth and asymmetric parameters all as a function of RHs.
Using the microphysical properties, hygroscopic growth factors of the mixtures and their effective
refractive indices were determined while using optical depth we determined its relation with RHs, the
enhancement parameters and Angstrom parameters. The hygroscopic growths and enhancement
parameters were then parameterized using some models to determine their relationship with RHs. The
data fitted the models very well. The angstrom coefficients show that the mixtures have bi-modal type
of distribution with the dominance of fine mode particles and the mode sizes increase with the increase
in water soluble concentrations and RH. The relation of optical depth with RH shows improvement
with the increase in water soluble but decreases with the increase in wavelengths. The asymmetric
parameters show that hygroscopic growth enhances forward scattering at smaller wavelengths.

KEYWORDS microphysical properties, optical properties, hygroscopic growth, enhancement
parameters, Angstrom coefficients, spectral range, water soluble.

l. INTRODUCTION

The ambient relative humidity changes thbase and microphysical andgtimal properties of
hygroscopic atmospheric aerosols suclsw@fates, nitrates and chlorides. These aerosols contribute the largest
to the mass budget of fine atmospheric particles on a global [ia3]s These inorganic salt aerosols are
hygroscopic by nate, thus their size, phase and subsequently the optical properties would be strongly
influenced by thie concentration and thembient relative humidity (RH)\s the ambient relative humidity (RH)
changes, hygroscopic atmospheric aerosols undergo phaséotnmaation, droplet growth, and evaporation.
Phase transformation from a solid particle to a saline droplet usually occurs spontaneously when the RH reaches
a level called the deliqguescence humidity. Its value is specific to the chemical compositlee aerosol
particle [4,5]. Since aerosols are far from being a single component, the question is how changes in relative
humidity and changes in their concentrations influence the properties of natural aerosol mixtures, which can
contain both soluble and soluble components. Alsmost atmospheric aerosols are externally mixed with
respect to hygroscopicity, and consist of more and less hygroscopfiastibns[6]. The ratio between these
fractions as well as their content of soluble material determiedsyiroscopic growth of the overall aerosol.
the natural environment the changes observed at a given wavelength are signs that measuring conditions have
changed. These changes can be related either to an increase in RH or to a change in the aentsatiaronc
though most often, both factors are present. Optical measurements at one single wavelength will not resolve the
guestion whether the observed changes caused only by the increased humidity or whether the additional
aerosol particles have coittuted to the changes. To be able to retrieve more accurate information about the
aerosol mixtures, spectral measurements are needed.

The more spectral information available, the greater are the chances of getting a more realistic idea of
the aerosol @mposition.To model droplet growth, information about water activity and density as a function of
solute concentration is needd@dhe chemical and physical characteristics of aerosols are diverse and attempting
to encompass such variability within a hygropic model is compleBy taking up water, particles grow in size
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and experience modifications to their refractiveiged, which changeheir ability to interact with solar
radiation. An aerosol may exist in a solid or liquid state or a combinatioh@ftivo over a wide range of

ambient conditions both in the sub and super saturated humid enviropivisijt Thus, where possible, the

Wat er

ability to couple the chemical and physical characteristics to the equilibrium phase of the aerosol is the ultimate
aim d any hygroscopic modeling approacrhe cloud droplets and water in deliquesced aerosol particles
provide an aqueous medium for chemical reactions, which can lead to a change in the chemical composition of
the particled11-15]. Additionally, depending orthe chemical and physical compositioastosol hygroscopic
growth with increasing relative humidity (RH) may lead to dramatic changes in its mass concentration, size
distribution and orresponding optical propertiehich could enhance the cooling effexf aerosols in the
atmosphere by directly scattering more light radialid:20], or change cloud microphysical properti2$] by
serving as cloud condensation nuclei (CQ2R]. Particle hygroscopicity may vary as a function of time, place,
and partite size[6,23,24] Previous studies reported that different types of aerosol particles usually have
distinct hygroscopic growth propertifgb-27].Hand and Malnj28] indicated that the scattering coefficients of
(NH4),.SO, and (NH)HSO, aerosols could be Banced by a factor of three when relative humidity is over 85%.
Dust particles, dominant in coarse mode, are mostly inso[@Ble but they could also be hygroscopic when
coated by sulfate or other soluble inorganic aerosols during transpof&jda]

The hygroscopicity, are currently modeled in global climate models (GCMs), mostly to better predict
the scattering properties and size distribution under varying humidity condiizhdMeasured and modeled
enhancement factors have been describsévaral previous studies, including studies on ufBars4].

Jeong et al[35] demonstrated an exponential dependence of the aerosol optical thickness on relative humidity.
A strong correlation of spectral aerosol optical thickness with precipitable, veatezcially for continental air
masses, was shown by Raj36]. A weaker dependence was observed for air masses of maritime origin.

In this paper some microphysical and optical properties of urban aerosols were extracted from OPAC at the
spectral wavelegth of 0.25 to 2.58m, at relative humidities of 0, 50, 70, 80, 90, 95, 98 and 99% and varying
the concentrations ofvater soluble The microphysical properties extracted are diameters of the aerosols,
number mix ratios, volume mix ratio, mass mix ratia aefractive indices. They were used to determine the
hygroscopic and the effective refractive indic8he optical properties extracted are optical depth and
asymmetric parameters. The optical depth was used to determine the angstrom parameters udag pode
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size distributions. One and two parameter models were used to determine the relationship between the
enhancement parameter dndjroscopigyrowth withRH. The asymmetric parameters are used to determine the

effects of hygroscopic growtlnd concentration of water solubte forward scatteringThe relationship
between optical depth and RH walso determingas done by Jeong et 5] and Rapti[36].

. METHODOLOGY
The models extracted from OPAC are given in table 1.

Table 1 Compositions of aerosols typas].

Components Model A (N;,cm™) Model B (N;,cm”®) Model C (N;,cm™)
Insoluble 1.50 1.50 1.50

water soluble 15,000.00 25,000.00 35,000.00

Soot 130,000.00 130,000.00 130,000.00

Total 145,001.50 155,001.50 165,001.50

Where(N;,cm®) is the number of particles ctnwater soluble componentsonsisiof scattering aerosols, that
are hygroscopic in nature, such as sulfates nitrates present in anthropogenic pollytiehile water
insolubleandsootarenot soluble in water and therefore the particles are assumed not to grow with increasing

relative humidity.
The

aerosol 6s

gf(RH) =

Dlax)
DiRE=0)

hygr os][6,20pid defined aso wt h

factor

@)

gf (RH) ,

where RH is taken for seven values 50%, 70%, 80%, 90%, 95%, 98% an8@98ice natural aerosols
consist of mixtures of both the soluble and insoluble components, and more and less hygroscopic sub fractions,

so information o

t he

hygroscopicity
mixture, gf.x(RH), representative for the entire particle population as:

Gfmix (RH) = {ER _'r;‘.gfi.!:]j':".z

)
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where the summation is performed over all compounds present in thedegaatid xrepresent their respective
volume fractions, using the ZdanovsHiokesRobinson relation[38-41]. Solutesolute interactions are
neglected in this model and volume additivity is also assumed. The model assumes spherical particles, ideal
mixing (i.e. no volume change upon mixing) and independent water uptake of the organic and inorganic
components.

Equation (2) was also computed using thasthe corresponding number fractipha,43]

We finally proposed the,xo represent the mass mix m@bf the individual particles though since mass and
volume are proportional, but this will enable us to see the effect of hygroscopic growth on the density of the
mixture.

The RH dependence of gfRH) can be parameterized in a good approximatigna oneparameter
equatiopd4] as

i

iz (@) = (1 +x :E)g ®3)
Here, g is the water activity, which can be replaced by the relative humidity RH, if the Kelvin effect is
negligible, as for particles with sizes more relevant for light scattering and absoRaitinlehygroscopicity is
a measure that scales the volume of water associated with a unit volume of dry [gditetel depends on the
molar volume and the activity coefficients of the dissolved compojdls The coef fi ci ent 9 i
measure of the particlebds hygroscopi ¢ithadtigitisfordhe capt ur e
ensemblef the particlewhich can be defined in terms of the sum of its componé@nts e o 's deravdd toe
particles of a given composition may vary, depending upon the #imeconcentratioand RH it is derived at.
The following sukdivisions at 85% RH were made by Liu et g#g]; as: nearlshydrophobic particles
(NH):k<=0.10 (gfi<=1.21), lesshygroscopic particles (LH): k=0.100.20 (gf=1.2111.37); more
hygroscopic particles (MHK>0.20 (gf.ix>1.37).
The tumidograms of the ambient aerosols obtained in various atmospheric conditions showeg{R&)gf

could as wel |l blaw[47-bljased well with a 9
RHF
iz RH) = (1-2) @)
The bulk hygroscopicity factor B under ssdturation RH conditions was determined using the relation:
B =(1 - gfpx)inay, (5)

where @ is the water activity, which can be repladgdthe RH as explained beforghe equation can be
described as the rate of absorption of water of the bulk mixture as the RH increases.
The impact of hygroscopic growth on the aerosol optical depth is usually described by the enhancement factor
f.(RH, A):

iz A
£IRH,A) = P — (6)
where RH is taken for seven values 50%, 70%, 80%, 90%, 95%, 98% and 99%.
In general the relationship betwegtRH . 1) and RH is nonlinedi35]. In this paper we determine the empirical
relations between the enhancement patar and RH52] as:

_ zlemd) 100 _E-H're_f]'r
f(RH. 1) = t(REpepd) (mn—m{mh @

where in our study Rkt was 0%, andtH g, was taken for seven values 50%, 70%, 80%, 90%, 95%, 98% and

99%. Theg known as the humidification factor represents the dependence of aerosol optical properti€s o

which results from changes in the particle size and refractive index upon humidification. Thegunses dhe

advantage of describing the hygroscopic behavior of aerosols in a linear manner over a broad range of RH
values; it also implies that pasties are deliquescd83], a reasonable assumption for this data set due to the

high ambient relative humidity during the field siesl Theg parameter is dimensionless, and it increases with
increasing particle water uptake. From previous studies, typieal ues of o f or ambi ent ae
0.1 and 1.953-55].

Two paraneters empirical relation waalso use [35,56]as;

£RH.D = a1 - ZE) (®)

Equations (7) and (8yere determinedt wavelengths 0.25, 0.45, 0.55, 0.70, 1.25, and 2.50um.
To determme the effect of particlemodedistributions as a result of change in RH avader solublethe
Angstrom exponent was determined using the spectral behavior of the aerosol optical tiefile, wi
wavel engt h seekpresséd@diriverde power [E&:

(1) = pa~¢ 9

The Angstron exponent was obtained as a coefficient of the following regression,
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Int(1) = —aln(l) + Ing (10)

However equation (10) was determined as-lmogar (that is the Angstrom exponent itself varies with
wavelength), and a memprecise empirical relationship between the optical depdhwvavelength veaobtained
with a 2ndorder polynomia[58-68] as:

Int( & )(=IG+ajUna + | nb (12)
We thenproposed the cubic relation to determine the type of mode distribution as:
Int( &) = 4 mb,(+ A0 h o) (12

wh er e 4,b,, Jakk,condiants that were determined using regression analysiSR®S16.6r windows

Equations (10), (11) and (12) were evaluated at &g for the corresponding change in water soluble
concentrations.

We also determined an exponential dependence of the aerosol optical thickness on relative humidity as done by
Jeong et al[35] as;

o(RH) = A gfRH/100) (13

where A and B are constants determined using regression analysis with SPfsswi.dows The

relationship was determined@®25ym, 1.25m and 2.56m.

We finally determine the effect of hygroscopic growth éthe change in the concentration of water solubte

the effective refractive indices of the mixed aerosols using the fofBRita
Eeff—fn Ei—fg

=T fi (14

Ei+2s

Eg__r__r+ﬂiu
where fa n darelthe volume fraction and dielectric constant of the © m p 0 n e gistthe defeatric 0
constant of the host material.
The relation between dielectrics and refractive indices is
J= (15)
For the case of Lorerdzorentz[70,71] t he host materig@dl. is taken to be
The computation of e@tions(14) and (1pwas done using the complex functions of Microsoft Excel 2010.

m; =

1. RESULTS AND DISCUSSIONS
Table2a the growth facta of the aerosols using number mix ratio (equafipand Bulk lygroscopicity factor
(equation Hfor Model A
80

RH(%) 50 70 90 95 98 99
gfmx(RH) 1.0297 1.0470 1.0649 1.1063 1.1661 1.0538 1.3660
B 0.0635 0.0527 0.0463 0.0373 0.0301 0.0034 0.0156

Table 2b: the growth factors of the aerosols using number mix ratio (equation 2and Bulk hygroscopicity factor
(equation 5) for Model B.

RH(%) 50 70 80 90 95 98 99
Ofmix(RH) 1.0456 1.0716 1.0980 1.1578 1.2416 1.3863 1.5061
B 0.0992 0.0822 0.0722 0.0582 0.0469 0.0336 0.0243

Table 2c: the growth factors of the aerosols using number mix ratio (equation 2jand Bulk hygroscopicity factor
(equation 5) for Model C.

Wat er

RH(%) 50 70 80 90 95 98 99
gfmx(RH) | 1.0592| 1.0923| 1.1255| 1.1995| 1.3010| 1.4719| 1.6106
B 0.1305/ 0.1082| 0.0950| 0.0765| 0.0617| 0.0442| 0.0319

Tables 2a, 2b and Zhowthat there is an increase in both;gRH) and B with the increase the
concentrations ofvater soluble. It can also be observed the hygroscopic growth has caused increased in
ofmix(RH) but decrease in B.
The data from tables 2a, 2b and 2c were applied for the parametrisations of equations (3) and (4). The results
obtainedare as follows:
The results of the parameterizations by one parameter of equations (3) and (4) for Model A are:
k=0.0175R2=0.9470 usingequation(3)
/=-0.0588 R2=0.9731 usingequation(4)
The results of the parameterizations by one parameter of equations (3) and (4) for Model B are:
k=0.0272R2=0.9470  usingequation(3)
/=-0.0798 R2=0.9834 usingequation(4)
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The results of the parameterizationsoog parameter of equations (3) and (4) for Model C are:

k=0.0358 R2=0.9470  usingequation(3)

/=-0.0949 R2=0.9891 using equation(4)

From the observations & it can be seen that the data fitted the equations very well (equations 3 and 4). It can
al be observed that hygroscopicity of the mixtures (K)gungingg-law, all increase with the increase in the
concentrations of water solubles.

Table 3a: the growth factors of the aerosols using volume mix ratio (equation 2)nd Bulk hygroscopicity factor
(equation 5) for Model A.

RH(%) 50 70 80 90 95 98 99
gfmix(RH) 1.1190 1.2019 1.2886 1.4822 1.7346 2.1242 2.4162
B 0.2781 0.2626 0.2544 0.2377 0.2164 0.1734 0.1317

Table 3b: the growth factors of the aerosols using volume mix ratio (equation 2and Bulk hygroscopicity factor
(equation 5) for Model B.

RH(%) 50 70 80 90 95 98 99
gfmx(RH) 1.1482 1.2415 1.3348 1.5344 1.7862 2.1689 2.4550
B 0.3561 0.3259 0.3075 0.2753 0.2410 0.1859 0.1387

Table 3c: the growth factors of the aerosols using volume mix ratio (equation 2jand Bulk hygroscopicity factor
(equation 5) for Model C.

RH(%) 50 70 80 90 95 98 99
gfmix(RH) 1.1657] 1.2638| 1.3597| 1.5607| 1.8111| 2.1895| 2.4725
B 0.4048| 0.3633] 0.3377] 0.2952] 0.2534| 0.1919| 0.1419

Tables 3a, 3b and 3howthat theres an increase in bothgf{RH) and B with the increase the
concentrations ofvater soluble. It can also be observed the hygroscopic growth has caused increased in
ofmix(RH) but decrease in B.

The data from tables 3a, 3b and 3c were applied for tleengdrisations of equations (3) and (4). The results
obtained are as follows:

The results of the parameterizations by one parameter of equations (3) and (4) for Model A are:
k=0.1441 R2=0.9729 usingequation(3)

/=-0.1857 R2=0.9966 usingequation(4)

The results of the parameterizations by one parameter of equations (3) and (4) for Model B are:
k=0.153Q R2=0.9658 usingequation(3)

/=-0.1936 R2=0.9993 usingequation(4)

The results of the parameterizationsomg parameter of equations (3) and (4) for Model C are:

k=0.1572 R2=0.9618 usingequation(3)

/=-0.1975 R2=0.9997 usingequation(4)

From the observations &f it can be seen that the data fitted the equations very well (equations 3 and 4). It can
als be observed that hygroscopicity of the mixtures (K)gunsingg-law, all increase with the increase in the
concentrations of water solubles.

Table 4a: the growth factors of the aerosols using mass mix ratio (equation 2and Bulk hygroscopicity factor
(equation 5) for Model A.

RH(%) 50 70 80 90 95 98 99
gfmix(RH) 1.1086 1.1816 1.2590 1.4364 1.6785 2.0657 2.3614
B 0.2512 0.2317 0.2221 0.2069 0.1913 0.1579 0.1223

Table 4b: the growth factors of the aerosols using mass mix ratio (equation 2jand Bulk hygroscopicity factor
(equation 5) for Model B.

RH(%) 50 70 80 90 95 98 99
gfmix(RH) 1.1383 1.2233 1.3098 1.4988 1.7457 2.1294 2.4191
B 0.3291 0.2963 0.2783 0.2494 0.2216 0.1749 0.1322
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Table 4c: the growth factors of the aerosols using mass mix ratio (equation 2pand Bulk hygroscopicity factor
(equation 5) for Model C.

RH(%) 50 70 80 90 95 98 99
Gfme(RH) 1.1567| 1.2480] 1.3386] 1.5321| 1.7794] 2.1597| 2.4458
B 0.3796]  0.3366] 0.3121] 0.2735] 0.2377] 0.1833]  0.1370

Tables 4a, 4b and 4&howthat there is amicrease in both gf(RH) and B with the increase in the
concentrations of water soluble. It can also be observed the hygroscopic growth has caused increased in
ofmix(RH) but decrease in B.
The data from tables 4a, 4b and 4c were applied for the paraatieirssof equations (3) and (4). The results
obtained are as follows:
The results of the parameterizations by one parameter of equations (3) and (4) for Model A are:
k=0.1328 R2=0.9777  usingequation(3)
/=-0.1776 R2=0.9939 usingequation(4)
The results of the parameterizations by one parameter of equations (3) and (4) for Model B are:
k=0.1451 R2=0.9701  usingequation(3)
/=-0.1879 R2=0.9983 usingequation(4)
The results of the parameterizationsomg parameter of equations (3) and (4) for Model C are:
k=0.1511 R2=0.9655 usingequation(3)
/=-0.1930 R2=0.9994 usingequation(4)
From the observations &f it can be seen that the data fitted the equations very well (equations 3 and 4). It can
al be observed that hygroscopicity of the mixtures (K)gunsingg-law, all increase with the increase in the
concentrations of water solubjékough theylaw shows inverse powdaws.
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Figure 1c: A graph of optical depth against wavelengths for Model C.

From figures 1a, 1b and 1c, it can be observe thaigtieal depth follows a relatively smooth decreash wi
wavelength for all RHand can be approximated witlower law wavelength dependence. It is evident from the
figures that there is relatively strong wavelength dependence of optical depth at shorter wavelengths that
gradually decreases towards longer @axgths irrespective of the RH and concentrations, attributing to the
dominance of fine over coarse particles. The presence of a higher concentration ofriedéngarticles which
are selective scatters enhartlee irradiance scattering in shorter wiangth only while the coarsmode

particles provide similar contributions to the AOD at both waveler[@2is This also shows that hygroscopic
growth has more effect on fine particles than coarse particles. The relation of optical depth witth Water
soluble concentrations asech that at the deliquescence point (90 to 99%) this growth with higher humidities
increases substantially, making this process strongly nonlinear with relative huaniditiye increase in the
concentrations of water soluleb,73]

The data that were used in plotting figures 1a, 1b and 1c were applied to equation (13), at the wavelengths of
0.25,1.25and2.50m. The results obtained are as foll ows:
The exponential relations (LBetween optical depth and RHs fdodel A are:

At o =nQ A=B.574Q B=1.1185 R°=0.6577

At o=1.124583 B=D.86A8R’=0.5022

At o= 2.15207Q B=D.2888=R°= 0.3862

The relation between opticdepth and RHs using equation I8 Model B are:

At =0 .67@4B=1.3187 R=0.6856

At o=1.125639 B=1.1344-R°=0.5360

At o=2.151094 B=0.43B0-R°=0.4124

The relation between optical depth and RétsModel C using equation (J3are:

At o=0.72696@B=1.4823 R°=0.6984

At oa=1.12564Q B=1.3222-R°= 0.5602

At o=2. 51593850.5586¢R=0.4273

The relation between optical depth and RH shows decre&&eaimthe exponent B with théncrease in
wavelength but botincrease with the increase in the concentrations of water sellibis shows that the

relation is better for fine particles

Table 5a the results of the Angstrom coefficients for Model A using equations (10), (11) and (12) at the
respective relative humidities using regression analysis with SPSS16 for windows.

RH Linearequ(10) Quadraticequ(l1) Cubicequ(12)
(%) R2 V] R2 U1 U2 R2 U1 U2 U3
0 0.9757 0.7485 0.9963 -0.6745 0.1610 0.9976 -0.7206 0.2136 0.0689
50 0.9861 0.8388 0.9967 -0.7796 0.1289 0.9986 -0.8417 0.1997 0.0929
70 0.9904 0.8819 0.9968 -0.8335 0.1054 0.9990 -0.9024 0.1840 0.1031
80 0.9936 0.9205 0.9970 -0.8839 0.0796 0.9993 -0.9576 0.1637 0.1102
90 0.9972 0.9909 0.9974 -0.9826 0.0182 0.9997 -1.0615 0.1082 0.1180
95 0.9963 1.0584 0.9981 -1.0887 -0.0661 0.9999 -1.1637 0.0194 0.1120
98 0.9862 1.1164 0.9992 -1.2035 -0.1897 1.0000 -1.2544 -0.1317 0.0760
99 0.9747 1.1283 0.9998 -1.2515 -0.2682 0.9999 -1.2773 -0.2387 0.0386
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Table 5hthe results of the Angstrom coefficients for Model B using equations (10), (11) and (12) at the
respective relative humidities using regression analysis with SPSS16 for windows.

RH Linearequ(10) Quadraticequ(11) Cubicequ(12)
(%) [ R2 V] R2 U1 U2 R2 U1 U2 U3
0 0.9849 0.8527 0.9965 -0.7899 0.1367 0.9985 -0.8549 0.2109 0.0973
50 0.9932 0.9635 0.9968 -0.9239 0.0863 0.9993 -1.0042 0.1779 0.1201
70 0.9958 1.0128 0.9971 -0.9885 0.0530 0.9996 -1.0732 0.1497 0.1267
80 0.9972 1.0545 0.9973 -1.0460 0.0186 0.9997 -1.1327 0.1176 0.1297
90 0.9967 1.1249 0.9979 -1.1514 -0.0577 0.9999 -1.2346 0.0372 0.1244
95 0.9914 1.1831 0.9988 -1.2528 -0.1518 1.0000 -1.3204 -0.0747 0.1011
98 0.9771 1.2168 0.9997 -1.3428 -0.2743 1.0000 -1.3733 -0.2395 0.0456
99 0.9644 1.2088 0.9999 -1.3666 -0.3436 0.9999 -1.3688 -0.3411 0.0033

Table 5cthe results of the Angstrom coefficients for Model C using equations (10), (11) and (12) at the
respective relative humidities using regression analysis with SPSS16 for windows.

RH Linearequ(10 Quadraticequ(11 Cubicequ(12)
(%) R2 V] R2 U1 U2 R2 U1 U2 U3
0 0.9901 0.9353 0.9965 -0.8840 0.1117 0.9990 -0.9621 0.2009 0.1168
50 0.9961 1.0558 0.9970 -1.0340 0.0474 0.9996 -1.1240 0.1501 0.1346
70 0.9973 1.1064 0.9973 -1.1026 0.0081 0.9998 -1.1944 0.1128 0.1372
80 0.9973 1.1477 0.9976 -1.1621 -0.0314 0.9999 -1.2524 0.0717 0.1351
90 0.9944 1.2130 0.9984 -1.2654 -0.1141 1.0000 -1.3451 -0.0231 0.1193
95 0.9868 1.2599 0.9993 -1.3563 -0.2098 1.0000 -1.4127 -0.1454 0.0844
98 0.9711 1.2735 0.9999 -1.4229 -0.3252 1.0000 -1.4371 -0.3090 0.0212
99 0.9584 1.2519 0.9998 -1.4293 -0.3860 0.9999 -1.4153 -0.4020 -0.0209

First, from tables 5a, 5b and 5c, it can be observed that ataaletthere is an increasedrwith the increase in
RH and water solubles, except tables 5b and 5¢ whelerreasg at 99% RH, and this shows that increase in
the concentration of water soluble has lowered the delinquent point of the mixtures. Eadseanoa signifies

the increase in mode size distribution of the partidlée decrease 2 at the positive part (the decrease in the
curvatureland becoming more negatiirethe negative part (the increase in the curvawith) the increase in

RH andwater solublg, reflects the increase in the concentrations of small particles as a result of nucleation
accumulatiorand sedimentatiorThe cubic part signifiethe type ofmode distibutions as bmodalwith the
dominance of fine mode patrticles
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Figure 2a: A graph of enhancement parameter for optical depth against wavelengths for Model A
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Figure 2b: A graph of enhancement parameter for optical depth against wavelengths for Model B.
754

704

65 —=— ENOD50
60 —e— ENOD70
ENODS0

5549 —y— ENOD90
5.0 4‘««‘( ENOD95
5] A —<— ENOD98
* ENOD99

4.0
3.5
3.0

254 T~
SAAAAAAL A S
2.0 Vv

«
v

Enhencement parameter for Optical Depth

Er
15 lllll::==:=:=;’="*~~
1.0

\|:l———7,1,,
T T T T T T T T 1
025 050 075 100 125 150 175 200 225 250

—

'\
— 1

Wavelength(nm)
Figure 2c: A graph of enhancement parameter for optical depth against wavelengths for Model C

Figures 2a, 2b and 2c showhat the enhancement factors increase both with the increase in RH and
concentrations of water soluble in almost #Hioear form.The mostinteresting phenomena is the visible range
window (0.4 - 0.7 um) and the neainfrared (0.71.0) where the enhancement is higher with both the increase in
RH and the concentrations of water soluBleis shows thaat this window théncrease in the concentrations of
water soluble can cause decrease in cloud carat/or reflective aerosothis can cause decreaiseglobal
albedo,can result in the increase @mergy input into Earth/Atmosphere system and finally can cause warming
effect. That is it allows most solar radiation through to the surface and enablesiso r adi at ithen t o
bulk of its energy to the surface (for use in climate processes)

The data that were used in plotting figures 2a, 2b and 2c were applied for the parametrisations of equations (7)
and (8), at the wavelengths of 0.25, 0.4550(670, 1.25and 2.80m. The results obtained
The results of the fitted cues of equations (7) and)(®r Model A are presented as follows;

For a single parameter using equa{ion
At oa=0 0.286%R=0.997

At o =0 0.20828R°=0.9925

At oa=0.09%5R=0.9898

At oa=0.02922 R*=0.9849=

At o=1.0283R=0.9575

At o=2.00M1R=0.8914

For two parametensgsing equation (8

At o =0 1.2062h=0.2885 R°= 0.9940

At o=0 1.425%b=0.337% R°=0.9895

At a=0.1572bh-0.3460=R=0.9873

At o =0 .1B466 k==0.3462R=0.9834

At o=1.22%6bs0.2781R=0.9619

At o=2 .2BT3E=0.1048R=0.9078

The results oftte fitted curves of equations (7) andl {& Model B are presented as follows;
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For a single parameter usieguation (7.
At oa=0 0.989%R=0.9883

At o= 0 1.2083R=0.9851

At o=0.1338 R=0.9826-

At o=0.111B2 R?=0.9797=

At o=1.0342R=0907%

At o= 2.685D] R*=0.9192

For two parameters using equati@).

At &= 0 0.888Qb=0.8832 R*= 0.9550
At &= 0 0.969%b=1.0826 R*=0.9361
At o=0.1585bs1.1421-R=0.9294
At 2= 0 .1710Q b=1.1484R=0.9214
At a=1.0385p,bs=-0.7966R=0.9012
At o= 2 .09279 b=0.2122R°=0.8794

The results oftte fitted curves of equations (7) and {& Model Care presented as follows;
For a sngle parameter using equation.(7

At o= 0 1.2084sR=0.9896

At o= 0 1.2432:R=0.9835

At o=0.1282R=0.979%

At o=0.12857 R=0.9759%

At o=1.12®@5R=09M4

At o=2.05018 R=0.9424

For two parameters using equation;(8

At o= 0 0.293%b=1.0276 R*=0.9549
At o =0 1.2158b+1.2816 R*=0.9362

At a=0 .12190bs-1.3637R=0.9294
At a=0.12812=1.3950R=0.9214
At oa=1.12%3bs1.0331R=0.9013
At o=2 .03013=0.2922=0.8797

For both the one and twoarametes modelsthe value®f the exponents increasgth the increase in the
construction of water solublandtheyincreasd most at the solar spectral window (0.40 to @1%]. These
signifiedincrease in water uptake with the increase in the concentrations of water soluble.
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Wat er

Figures 3a, 3b and 3c shi@ slight increase in the asymmetric parameters with the increase in the concentration

of water soluble. The increase wi

th the increase in RH is faster at the solar spectral Windalhiows that

smaller particles enhance forward scattering with theease in RH and water solubles.
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Figure 4b: A plot of real effect
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Figure 4c: A plot of real effective refractive indices against wavelength using volume mix ratio for Model C.
Figures 4a, 4b and 4c shalecrease in the real effective refractive indieg@h increase in RH and water
soluble.This signifies the reasonhy scattering increases with the increase in RH and water soltigdinear

relation decreases with the increase in wavelength.
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Figure 5a: A plot of imaginary effective refractive indices against wavelength using volume mix ratio for Model
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Figure 5c: A plot of imaginary effective refractive indices against wavelength using volume mix ratio for Model

C

Figures 5a, 5b and 5c shawslight decrease with the increase in RH and water soltiitesignifies decrease

in absorptionlt becomes more lineand constantvith the increase in RH.

V. CONCLUSIONS
In this paper we investigated the influence of relative humidity and soot omithephysical and

optical properties of atmospheric aerosol mixtures. The principal conclusions are:

[1]

(2]

(3]

[4]

From the three gfi(RH) it can be concluded that the higher values are observed using volume and mass
mix ratios because of the high density of wateulsiel. This is in line with what Sheridan et [@4] found,

on the basis of analysis of in situ data collected at SGP in 1999, that aerosols containing higher fractions of
smaller particles show larger hygroscopic growth factors. From our results despiteesng having the

least size and higher in fractions, it shows that using volume mix and mass mix ratios, shows that the
mixture is more hygroscopic. However, still in their studies, they also showed that aerosols containing
higher fractions of more singly absorbing particles exhibit lower hygroscopic growth factors, in our own
case it shows that using humber mix rafibe importance of determining,g{RH) as a function of RH

and volume fractions, mass fractions and number fractions, and enhanpamaenéters as a function of

RH and wavelengths can be potentially important because it can be used for efficiently representing
aerosolswater interactions in global models.

Equation (3) with mass mix ratios has highénile equation (4) has higher was of B using volume

mix ratio. But since volume mix ratios gave higher values gf@H), k andg, and the values of R2 are
greater than 95%, it can be concluded that just as the optical effects of atmospheric aerosols are more
closely related to theivolume than their numbgvr5,76] we discovered that the microphysical properties

are also more closely related to their volume followed by mass. The increase in the valuyg&Rif)gk

andg with the increase in soot and water soluble concentratiow shat they increase hygroscopicity of
aerosols.

Changes in RH and soot and water soluble concentrations modified the optical properties not only of
hygroscopic aerosol mixtures but also of mixtures containinghygnoscopic aerosols like black carbon.

As a result of wetting the hydroscopic particles grow, thereby changing the effective radius of the aerosol
mixture and subsequently the aerosol extinction or aerosol optical thigkrles3he changes are more
substantial especially at the delinquentnp®iwhere the hygroscopic growth factor, optical parameters and
enhancement parameters increase so substantial that the process become strongly nonlinear with relative
humidity [25,73,77] This effect is observed at different wavelengths, but for hightrtiRe increase in

AOT values is more evident at smaller wavelengths than longer wavelengths.

The observed variations in Angstrom coefficients can be explained by changes in the effective radius of a
mixture resulting from changes in RH and/or saot waér soluble concentrations: the larger the number

of small aerosol particles, the smaller the effective radius and the larger the Angstrom coefficient.
consequence of namiform increase in the optical depth with the increase in RH, the Angstrontieeff

also becomes a function of RH, though at the delinquent points it decreases with the increasd lmsRHs.

is because at the delinquent conditions the hygroscopic aerosols particles grow and this is what makes the
Angstrom coefficients to decreaséowever, the change in Angstrom coefficient due to variation in RH is
more than that caused by differences in soot concentrations.
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[5]

[6]

[7]

(1]

[2]
(3]
[4]
&
(71
(8]
[9]
[10]

[11]
[12]

(13]

(14]
[15]
[16]
[17]
(18]
[29]
[20]

[21]
[22]

[23]
[24]
[25]
[26]

[27]

The effect of RHs on asymmetric parameter shows that for smaller particles the hygroscopic growth
increase forward scatteringhile for coarse particle it decreases forward scattetirghows that increase

in RH increases forward scattering because particle growth enhances forward diffracti¢@A8]fmu,
smaller particles while in larger particles it causes increase in thevhed scattering. It also shows that the
mixture is internally mixed for smaller particles because of the increase in forward scattering as a result of
the hygroscopic growtfv9].

These hygroscopic growth behaviors also reveal an immense potentiditadajtering enhancement in

the forward direction at high humidities and the potential for being highly effective cloud condensation
nuclei for smaller particles.

Finally, the data fitted our models very and can be used to extrapolate the hygroscopic ardw
enhancements parameters at any RH. The values of R2 from the models show that Kelvin effects can be
neglected.
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