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Abstract

This research used extracted extinction coefficients and common mode radii of urban aerosols
to carry out visibility simulations at corresponding spectral wavelengths from 0.4-0.8um from
the improved version of the Optical Properties of Aerosols and Clouds (OPAC 4.0) data at
eight relative humidities (RH) (0%, 50%, 70%, 80%, 90%, 95%, 98% and 99% RH). Five
models of the urban aerosols used comprised of insoluble (INSO), Water-soluble (WASO)
and Soot (Black Carbon). From the average concentration set up by OPAC 4.0, the
concentrations of the Soot (Black Carbon) were varied by external mixing. The Angstrom
exponent (a), the curvature (o) and the urban atmospheric turbidity (f) were obtained from
the regression analysis of the first and second order polynomial of Kaufman’s representation
of the Koschmieder equation for atmospheric visibility. The mean exponents of the aerosol
size growth curve (u) were determined from the aerosol effective hygroscopic growth (gq)
while the humidification factors (y) were determined from the visibility enhancement factors
f(RH,A). With p and vy, the mean exponents of aerosol size distributions (v) were determined
for all the models. It was observed that at varying Soot (Black Carbon) concentrations and RH
there were non-linear relationships between them and visibilities. The values of a > 1 showed
the presence of fine mode particles from the WASO part of the aerosol mixture and a, being
positive indicated bimodal aerosol particle distributions. Additionally, visibility deterioration
is predicted because of the increase in turbidity (f) with the variation of Soot and RH.
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1. Introduction

Soot also known as black carbon comes primarily from the incomplete combustion of fossil fuel
and biomass burning. Most black carbon particles in the atmosphere are from man-made activities
[1-3]. The emission of black carbon particles into the atmosphere varies from region to region all
depending on fossil fuel usage, rapid urbanization and technological development mostly found in
developing countries [1, 4].

Soot (BC) has become one of the carbonaceous aerosols gaining considerable significance in the
atmospheric sciences because of its radiative and climatic impact as it can absorb sunlight, impact
regional circulation and rainfall patterns unlike other aerosol types like sulfates [5-7]. Soot has been
determined to be the second strongest contributor to global warming next to carbon dioxide [1, 8-10].
Soot particles are hydrophobic and are the largest absorbers of radiation in the atmosphere in both
the shortwave and long wave region.

One contributing factor for the inability of current climate models to accurately estimate surface
visibilities is due to the inaccurate characterization of soot (BC) concentration and particle size
distribution effects. Therefore it is important to provide adequate validative information on the
spatial and varying concentration effects. This will help towards predicting realistic global estimates
of aerosol radiative effects more confidently [9-12].

In this paper an analysis was carried out on the effects of varying soot (BC) aerosol particle
concentration and relative humidity on visibility and particle size distribution in urban atmosphere
using simulation methods. This information is crucial in environmental quality assessment [13-27].
The extinction coefficients were extracted to determine visibilities and visibility enhancement factors
while aerosol particle radii were extracted to determine the effective hygroscopic growth to simulate
the impact of relative humidity (RH) on visibility in urban atmosphere which comprise of soot,
water-soluble and insoluble aerosol components at different concentrations from OPAC 4.0.The
concentrations of SOOT (BC) aerosol component were varied through external mixing to analyze

their effect on both visibility, effective hygroscopic growth and particle size distribution.

2.0 Methodology
The models presented in Table 1 were used for the simulations of the aerosol components.

Table 1: Five model component mixtures with varying SOOT aerosol concentration

Model 1 Model 2 Model 3 Model 4 Model 5
Number Number Number Density Number Number Density
Comp Density (cm™) Density (cm™) (ecm™) Density (cm™) (ecm™)
Inso 1.50 1.50 1.50 1.50 1.50
Waso 28,000.00 28,000.00 28,000.00 28,000.00 28,000.00
Soot 132,000.00 134,000.00 136,000.00 138,000.00 140,000.00
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2.1 Visibility and Relative Humidity

For visibility simulations, extinction coefficients were extracted for each relative humidity (RH) at
corresponding visible spectral wavelength. The visibility was calculated based on the Koschmieder
formula [28].

3.912
VVLS(X) - Gext()\') (1)
But the extinction coefficient is defined in terms of wavelength using inverse power law as [29];
Gext(A) = BL™° )
Therefore substituting Eq. (2) into Eq. (1) gives;
3.912

Wis() = TW 3)
According to [30] Eq. (3) can be expressed as;

Vyis(4)
n (D) = qin (1) — In (B) &)

To obtain o (Angstrom exponent) and B (turbidity) a regression analysis was performed using an
expression derived from the [31] representation of Eq. (1) [28]. However the Angstrom exponent
itself varies with wavelength and an empirical relationship between visibility and wavelength is

obtained with a 2"-order polynomial [32-34]
In (D) = ¢, (In (1) + @, (In ()% = In (B) 5)

3.912
The coefficient a, accounts for a “curvature” often observed in sun photometry measurements. The

curvature depicts the aerosol particle size as indicated by [40]. Negative curvature indicates aerosol
size distribution dominated by fine mode particles and positive curvature indicates size distribution

dominated by coarse mode particles [31, 35].

2.2 Visibility Enhancement Factor
To determine the influence of relative humidity (RH) on the visibility enhancement factor f(RH,\),
the expression for visibility enhancement parameter f(RH,A) given by [41] and [44] is applied as

follows;
__ Vyis(RHA) _ [ 1-RH |7V
f(RH,2) = Vyis(RHp,A) [1—(RH0)] (6)
Eq. (6) can also be written as;
In (—sz (RHO,A)) = —yIn(1 — RH) (7)

where RHy, = 0% andVy,;s(RH,A) is the visibility at wavelength A at certain relative humidity
(RH) such that the humidification factor y can be expressed as [36];
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w=v-1 ®)

where y is the humidification factor that represents the dependence of visibility on relative
humidity (RH) resulting from the change in the particle size and refractive indices of the aerosol
particles upon humidification. y also describes the hygroscopic behavior of visibility in a linear
manner over a broad range of relative humidity values which also implies that particles are
deliquesced [37] u is the mean exponent of the aerosol growth curve [38]. v is the mean exponent of

the aerosol size distribution presented in the Junge power law size distribution function;
dn(r) —v
d(logr) -

©)
with ¢ as a constant and dn(r) representing number of particles with radii between r and r + dr.
As v value decreases, the number of larger particles increases compared to the number of smaller
particles. For haze, v takes value of about 3 and fogs have value of 2 [30].
2.3 Hygroscopic Growth
The hygroscopic growthg (RH) experienced by a single particle according to [39] is given by;

r(RH)

with r(RH) being the radius at a given relative humidity RH and r(RH,) representing the radius at
0% relative humidity.

But since atmospheric aerosols comprised of aerosols of different types and of different
composition, Eq. (10) is replaced with the effective hygroscopic growth as;

s (RH) = (S xcg3 (RH)) (11)

where x;, is the volume mix ratio of the k™ term and r, is particle radii of the k™ component [37].
Expressing the effective hygroscopic growth in terms of relative humidity (RH) gives [39];

1
1-(RH) ]~

err (RH) = [1 (RHy)

(12)

where 1 is the mean exponent of the aerosol growth curve as defined in Eq. (8). Now taking the

natural log of both sides of Eq. (11) gives;

Ingess(RH) = —ﬁln(l — RH) (13)
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Now expressing v (the mean exponent of the aerosol size distribution) in terms of [ (the mean
exponent of the aerosol growth curve) and y (the humidification factor) using Eq. (8) and Eq. (11)
gives the following;

v=py +1 (14)

3.0 Results and Discussions
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Fig. 1: Visibility against Wavelength for Table 1 Model 1

From Fig. 1, it can be seen that the visibility decreases with the increase in RH but increases with
the increase in wavelength There is a more noticeable decrease in visibility with increase in relative
humidity (RH) from 0% (RH) to 50% (RH) due to the onset of the intake of water by the absorbing
black carbon

Table 2: Model 1 results of regression analysis of Eq. (4) and Eq. (5) for visibility using SPSS

Linear Quadratic

RH R? o B R’ o o p

0% 0.99951 1.37274 0.08512 0.99998 1.61085 0.21116 0.08045
50% 0.99923 1.37875 0.11444 0.99998 1.68289 0.26972 0.10647
70% 0.99908 1.36960 0.13378 0.99998 1.70256 0.29528 0.12362
80% 0.99892 1.35364 0.15547 0.99998 1.71004 0.31606 0.14286
90% 0.99861 1.30913 0.21176 0.99999 1.70180 0.34823 0.19293
95% 0.99818 1.23963 0.30756 0.99999 1.66557 0.37774 0.27800
98% 0.99756 1.12319 0.52123 0.99999 1.57091 0.39705 0.46870
99% 0.99698 1.03651 0.74611 0.99999 1.49665 0.40807 0.66894
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From Table 2, the R? values from both the quadratic and linear part shows that the data fitted the
equation models very well. It can be seen from the linear part that the values of a are greater than 1,
this shows dominance of soot (absorbing black carbon) particles. It can also be seen that o decreases
with increase in relative humidity (RH) and this can be attributed to the hygroscopic growth of the
aerosol as a result of the water uptake from the atmosphere. For the quadratic part, a, is positive for
all relative humidities, indicating bimodal aerosol particle distribution.

Table 3: Model 1 analysis of Eq. (7), Eq. (12) and Eq. (13) using SPSS

pn=5.12877
A R’ y v
0.55 0.99891 0.41642 3.13574
0.65 0.99857 0.42490 3.17921
0.75 0.99818 0.42942 3.20240

From Table 3, it can be seen that the humidification factor (y) increases with the increase in A. It
can also be seen that for a given mean exponent hygroscopic growth curve (u=5.12877) the mean
exponent size distribution (v) increases with the increase in wavelength (). This implies that apart
from the dominance of fine mode particle, the aerosols comprise of coarse particles of different sizes.
v takes values > 3 which implies typical hazy conditions in the urban atmosphere [38].

Table 4: Skewness and Kurtosis Model 1

Vis00 Vis50 Vis70 Vis80 Vis90 Vis95 Vis98 Vis99

Skewness | 022957 | -0.17910 | -0.17195 -0.17889 | -0.13801 | -0.12102 | -0.08945 | -0.06484

Kurtosis -1.12855 | -1.11494 | -1.13305 | -1.16736 | -1.14481 | -1.17458 | -1.18633 | -1.20311

From Table 4, the changes of the particles distribution are displayed in terms of horizontal
behavior (skewness) and vertical behavior (Kurtosis). The skewness at visibility 0% to 99%RH is
negative. This behavior in terms of aerosols particle size distribution can be said to be dominated by
coarse mode particles. It can be seen that from 0% to 99%RH, there is an increase in skewness which
implies an increase in particle size distribution which may be due to the addition of soot into the
atmosphere from active sources. For kurtosis it can be seen that they are all negative and this shows
that the size distribution of the particles is platykurtic. As from 0% to 99%RH, there are a lot of
fluctuations this may also be attributed to the non linear relationship of the physically mixed aerosols
with relative humidity (RH).
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Fig. 2: Visibility against Wavelength for Table 1 Model 2
From Fig. 2, the visibility decreases with the increase in RH but increases with the increase in

wavelength. Visibility is lower at shorter wavelength due to dominance of soot particles.

Table 5: Model 2 results of regression analysis of Eq. (4) and Eq. (5) for visibility using SPSS

Linear Quadratic

RH R? o B R? o 0 B

0% 0.99951 1.37312 0.08559 0.99998 1.61254 0.21232 0.08086
50% 0.99923 1.37924 0.11489 0.99998 1.68380 0.27009 0.10688
70% 0.99909 1.36977 0.13426 0.99998 1.69929 0.29223 0.12416
80% 0.99893 1.35383 0.15595 0.99998 1.70814 0.31421 0.14338
90% 0.99862 1.30937 0.21224 0.99999 1.70093 0.34724 0.19341
95% 0.99819 1.23973 0.30806 0.99999 1.66413 0.37637 0.27855
98% 0.99752 1.12314 0.52177 0.99999 1.57392 0.39977 0.46884
99%, 0.99695 1.03668 0.74668 0.99999 1.49914 0.41012 0.66908

From Table 5, the R” values from both the quadratic and linear part shows that the data fitted the
equation models very well. It can be seen from the linear part that the values of a are greater than 1,
this shows dominance of soot (absorbing black carbon) particles. It can also be seen that o decreases
with increase in relative humidity (RH) and this can be attributed to the hygroscopic growth of the
aerosol as a result of the water uptake from the atmosphere by the soluble coating of the soot
particles. For the quadratic part, a, is positive for all relative humidities, indicating bimodal aerosol
particle distribution.
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Table 6: Model 2 analysis of Eq. (7), Eq. (12) and Eq. (13) using SPSS

Journal for Foundations and Applications of Physics, vol. 8, No. 1 (2021)

p=5.13031
A R’ y v
0.55 0.99888 0.41520 3.13009
0.65 0.99854 0.42363 3.17336
0.75 0.99815 0.42822 3.19688

From Model 2, the values of R® show that the model equation fits the data very well. From
observation, the humidification factor (y) increases with the increase in A. This implies that the
aerosols comprise of both fine mode particles and coarse mode particles of different sizes. For a
given mean exponent hygroscopic growth curve (u= 5.13031) it can be seen that the mean exponent
size distribution (v) increases with the increase in wavelength (A). v takes values > 3 which implies
typical hazy conditions in the urban atmosphere [38].

Table 7: Skewness and Kurtosis Model 2

Vis00 Vis50 Vis70 Vis&0 Vis90 Vis95 Vis98 Vis99
Skewness | 51545 | 1018966 | -0.19904 | -0.15983 | -0.14940 | -0.12187 -0.08911 | -0.06553
Kurtosis | | 11958 | -1.11814 | -1.14395 | -1.15634 | -1.16995 -1.17537 | -1.18430 | -1.20060

From Table 7, the skewness at all relative humidities is negative. This is an indication of aerosol
particle size distribution dominated by coarse soot particles. The changes of the particles distribution
are displayed in terms of horizontal behavior (skewness) and vertical behavior (Kurtosis). The
skewness increases from 0% to 95%RH which implies an increase of particle size distribution. For
kurtosis it can be seen that they are all negative and this shows platykurtic distribution.
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Fig. 3: Visibility against Wavelength for Table 1 Model 3
From Fig. 3, the visibility decreases with increase in RH but increases with increase in wavelength.
There is a more noticeable decrease in visibility with increase in relative humidity (RH) from 0%

(RH) to 50% (RH) due to the onset of the intake of water by aerosol particles.

Table 8: Model 3 results of regression analysis of Eq. (4) and Eq. (5) for visibility using SPSS

Linear Quadratic

RH R? o B R? o o B

0% 0.99953 1.37293 0.08609 0.99997 1.60623 0.20689 0.08146
50% 0.99925 1.37893 0.11541 0.99998 1.67924 0.26632 0.10747
70% 0.99909 1.37007 0.13473 0.99998 1.70113 0.29359 0.12455
80% 0.99893 1.35419 0.15641 0.99998 1.70939 0.31500 0.14377
90% 0.99862 1.30982 0.21269 0.99999 1.70011 0.34612 0.19387
95% 0.99820 1.24025 0.30849 0.99999 1.66407 0.37585 0.27898
98% 0.99755 1.12371 0.52219 0.99999 1.57196 0.39752 0.46950
99% 0.99696 1.03681 0.74720 0.99999 1.49827 0.40923 0.66971

From Table 8 Model 3, the R” values from both the quadratic and linear part shows that the data
fitted the equation models very well. It can be seen from the linear part that the values of o are
greater than 1, this shows the presence dominance of soot particles. It can also be seen that a
decreases with increase in relative humidity (RH) and this can be attributed to the hygroscopic
growth of the soluble aerosols physically mixed with the soot particles within the atmosphere. a; is
positive for all relative humidities, indicating bimodal aerosol particle distribution.
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Table 9: Model 3 analysis of Eq. (7), Eq. (12) and Eq. (13) using SPSS
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u=5.13170
A R’ Y v
0.55 0.99886 0.41399 3.12447
0.65 0.99851 0.42238 3.16752
0.75 0.99810 0.42678 3.19011

From Table 9, for a given mean exponent hygroscopic growth curve (u= 5.13170) it can be seen
that the mean exponent size distribution (v) increases with the increase in wavelength (A). By
observing the humidification factor (y) it also increases with the increase in A, this implies the
dominance of fine mode particles from the soluble part of the mixture taking up water. v takes values
> 3 which implies typical hazy conditions in the urban atmosphere [38].

Table 10: Skewness and Kurtosis Model 3

Vis00 Vis50 Vis70 Vis80 Vis90 Vis95 Vis98 Vis99
Skewness -0.20716 | -0.18254 | -0.16558 | -0.15441 | -0.14679 | -0.12109 -0.08944 | -0.06489
Kurtosis -1.11402 | -1.17165 -1.14031 | -1.14348 | -1.17405 | -1.17332 -1.18611 | -1.19507

From Table 10 model 3, skewness is negative at all relative humidities. This implies that the
aerosol particle size distribution is dominated by coarse mode particles. From 0% to 99%RH the
skewness is increasing and this implies an increased particle size distribution. The negative kurtosis
implies a platykurtic distribution. There are fluctuations from 0% to 99%RH which may also be
attributed to the non linear relation of the physically mixed aerosols with relative humidity (RH).
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Fig. 4: Visibility against Wavelength for Table 1 Model 4
From Fig. 4, it can be seen that the visibility decreases with the increase in RH but increases with
the increase in wavelength. There is a more noticeable decrease in visibility with increase in relative
humidity (RH) from 0% (RH) to 50% (RH) due to the onset of the intake of water by the water

soluble part of the aerosol mixture.

Table 11: Model 4 results of regression analysis of Eq. (4) and Eq. (5) for visibility using SPSS

Linear Quadratic
RH R’ a B R’ o B

0% 0.99954 1.37286 0.08659 0.99997 1.60476 0.20565 0.08195
50% 0.99925 1.37914 0.11587 0.99998 1.68096 0.26767 0.10787
70% 0.99909 1.36989 0.13523 0.99998 1.69977 0.29255 0.12505
80% 0.99894 1.35399 0.15692 0.99998 1.70756 0.31355 0.14429
90% 0.99863 1.30994 0.21318 0.99999 1.69927 0.34527 0.19437
95% 0.99821 1.24034 0.30902 0.99999 1.66301 0.37484 0.27953
98% 0.99758 1.12381 0.52269 0.99999 1.56979 0.39550 0.47021
99% 0.99698 1.03681 0.74779 0.99999 1.49663 0.40778 0.67050

From Table 11 Model 4, the R? values from both the quadratic and linear part shows that the data
fitted the equation models very well. From the linear part, a values are greater than 1, this shows
dominance of soot particles. It can also be seen that o decreases with increase in relative humidity
(RH) and this can be attributed to the hygroscopic growth of the water soluble aerosols within the
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physically mixed aerosols. For the quadratic part o, is positive for all relative humidities, indicating
bimodal aerosol particle distribution with dominance of fine mode particles.

Table 12: Model 4 analysis of Eq. (7), Eq. (12) and Eq. (13) using SPSS

pu=5.13321
A R’ y v
0.55 0.99884 0.41278 3.11889
0.65 0.99847 0.42114 3.16182
0.75 0.99807 0.42561 3.18477

From Table 12, for a given mean exponent hygroscopic growth curve (u= 5.13321) it can be seen
that the mean exponent size distribution (v) increases with the increase in wavelength (A). The
humidification factor (y) also increases with the increase in A, due to the presence of water soluble
aerosols within the soot aerosol mixture. v takes values > 3 which implies typical hazy conditions in
the urban atmosphere [38].

Table 13: Skewness and Kurtosis Model 4

Vis00 Vis50 Vis70 Vis80 Vis90 Vis95 Vis98 Vis99
-0.21545 -0.18776 -0.17417 | -0.17931 | -0.13745 -0.12227 -0.08958 -0.06433
Skewness
. -1.11958 -1.12172 -1.13120 | -1.16269 | -1.15211 -1.17239 -1.18589 -1.19508
Kurtosis

From Table 13 skewness is negative at all relative humidities and it can be said that the particle
size distribution is dominated by coarse mode soot particles. As from 0% to 99%RH the skewness is
increasing and this implies an increase in particle size distribution. For kurtosis it can be seen that
they are all negative and this shows a platykurtic particle size distribution. As from 0% to 99%RH,
there are a lot of fluctuations this may also be attributed to the non linear relation of the physically
mixed aerosols with relative humidity (RH).
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Fig. 5: Visibility against Wavelength for Table 1 Model 5

From Fig. 5, the visibility decreases with the increase in RH but increases with the increase in
wavelength. The onset of the intake of water by aerosol particles shows a more noticeable decrease
in visibility with increase in relative humidity (RH) from 0% (RH) to 50% (RH). This shows
evidence of the presence of water soluble aerosols within the mixture.

Table 14: Model 5 results of regression analysis of Eq. (4) and Eq. (5) for visibility using SPSS

Linear Quadratic

RH R’ o B R’ o 0 B
0% 0.9995 1.3736 0.0870 0.9999 1.6062 0.2062 0.08235
50% 0.9992 1.3791 0.1163 0.9999 1.6795 0.2663 0.10836
70% 0.9991 1.3696 0.1357 0.9999 1.6966 0.2899 0.12561
80% 0.9989 1.3544 0.1573 0.9999 1.7081 0.3136 0.14470
90% 0.9986 1.3102 0.2136 0.9999 1.6996 0.3453 0.19478
95% 0.9982 1.2407 0.3094 0.9999 1.6637 0.3751 0.27992
98% 0.9975 1.1241 0.5231 0.9999 1.5735 0.3985 0.47026
99% 0.9969 1.0373 0.7481 0.9999 1.5003 0.4106 0.67032

From Table 14 Model 5, the R* values show that the data fitted the equation models very well. It
can be seen from the linear part that the values of o are greater than 1, this shows dominance of soot
particles. It can also be seen that o decreases with increase in relative humidity (RH) and this can be
attributed to the hygroscopic growth of the water soluble part of the aerosol mixture. For the
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quadratic part oy is positive for all relative humidities, indicating bimodal aerosol particle

distribution.

Table 15: Model 5 analysis of Eq. (7), Eq. (12) and Eq. (13) using SPSS

pu=5.13466
A R’ y v
0.55 0.99881 0.41165 3.11369
0.65 0.99845 0.42009 3.15700
0.75 0.99804 0.42445 3.17938

From Table 15, for a given mean exponent hygroscopic growth curve (u= 5.13466) it can be seen
that the mean exponent size distribution (v) increases with the increase in wavelength (A). By
observing the humidification factor (y) it also increases with the increase in A because of the soluble
part of the mixture. v takes values > 3 which implies typical hazy conditions in the urban
atmosphere [38].

Table 16: Skewness and Kurtosis Model 5

Vis00 Vis50 Vis70 Vis80 Vis90 Vis95 Vis98 Vis99
Skewness | -0-20972 | -0.19356 | -0.20124 -0.17210 -0.13838 -0.12096 -0.08866 -0.06377
Kurtosis | -1-13231 | -1.17463 | -1.14198 -1.13521 -1.14006 -1.17252 -1.18922 -1.19744

From Table 16, it can be seen that skewness is negative at 0% to 99%RH. This behavior in terms
of aerosol particle size distribution can be said to be dominated by coarse mode particles. For
kurtosis it can be seen that they are all negative and this shows that the size distribution of the
particles is platykurtic. At all relative humidities, there are a lot of fluctuations this may also be
attributed to the non linear relation of the physically mixed aerosols with relative humidity (RH).
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Fig. 6: Graph of Visibility (Km) against Relative Humidity (RH%) at varying SOOT concentration

Fig 6. Is a graph of visibility against relative humidity at the green visible spectral wavelength of
0.55um showing how visibility changes at varying SOOT concentration for the five models. The
graph shows that as SOOT concentration increases, visibility decreases at rising relative humidity
(RH).

4.  Summary and Conclusion
From all the five models considered it was observed that:

(1) Across all the models, a values were greater than 1 and the values increased with the increase in
RH as SOOT concentrations increased.

(2) a, showed that the mode radii of all particles were bimodal and they fluctuated across the models
with increase in SOOT concentration and RH.

(3) Visibilities decreased with the increase in SOOT concentrations and RH across all the models.

(4) The skewness was negative for all the models and increased and the kurtosis was negative across
all the models and fluctuated in magnitude.

(5) Across the models, the mean exponent hygroscopic growth curve (u) increased with increase in
SOOT concentration.

(6) The mean exponent size distributions (v) increased with the increase in wavelength (A) for each
of the models but decreased with increase in SOOT concentration across all the models.

(7) The humidification factors (y) increased with the increase in wavelength (A) for each of the

models but decreased with increase in SOOT concentration across all the models.
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The presence of coarse mode particles due to soot emissions in urban atmosphere has been
established with the values of the Angstrom exponent (a), the curvature (o), skewness and kurtosis
at varying SOOT concentrations. It can be concluded that visibility decreases with an increase in
relative humidity and SOOT aerosol concentration. The values of a greater than 1, implies the
presence of soot particles and the presence of fine mode particles from the water soluble part of the
atmospheric aerosol mixture. o, fluctuates as a result of the changes in RH and particle concentration
which may be attributed to the non-linear relationship between physically mixed aerosols with
relative humidity (RH) as soot concentration increases. As the SOOT concentration increased across
the models, p increased and this implies that there is a direct relationship between them. The increase
in the values of v with the increase in A implies a direct relationship between them and this showed
that the increase in SOOT caused an increase particle size distribution. The increase in y values with
increase in A also shows a direct relationship that indicates increase in aerosol particle hygroscopicity
due to the water soluble part of the mixture. This could also be due to some type of porosity. Any
hole within the black carbon particles may absorb part of the water at the beginning of the growth.
The increase in the skewness indicates the presence of coarse mode soot particles and the
fluctuations in the kurtosis signifies the non-linear relation of the physically mixed aerosols with
relative humidity (RH) and water soluble aerosol concentration. The sign of kurtosis being negative

shows that the particle size distributions are platykurtic.
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