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Introduction
Atmospheric aerosols interact with water vapour which is one 

of the central issues of current research in atmospheric and climate. 
The atmospheric RH in equilibrium with the aqueous solutions 
of atmospheric aerosols at a given temperature depends on the 
hygroscopic nature of the solutes, their compositions, concentrations 
and the effective sizes of these aerosols [1]. The effect of aerosols on the 
atmosphere climate and public health also among the central topics in 
current environmental research.

Aerosols particle scatter and absorb solar and terrestrial radiation 
and also involved in the formation of clouds and precipitation as cloud 
condensation nuclei (CCN). The efficiency of particles as CCN also 
affects both aerosol particle and cloud droplet lifetimes [2]. It is well 
recognized that these effects represent one of the largest uncertainties 
in assessing the changes in radiative forcing from pre-industrial times 
to the present [3]. As such, understanding the hygroscopic properties 
of aerosols and the processes that govern cloud droplet activation are 
important. Kohler theory has been used to predict the CCN-activity of 
inorganic compounds for many years [1].

This paper focus on volume based hygroscopicity (kv) model were it 
is applied to the data extracted from optical properties of aerosols and 
clouds (OPAC) to determine the Kelvin radii and bulk hygroscopcity 
of the aerosols.

Methodology
Where water soluble components (WASO, consists of scattering 

aerosols), water insoluble (INSO), soot (SOOT) not soluble in water, 
ssam and sscm are Sea-salt accumulation and coarse modes particles 
that consist of the various kinds of salt contained in seawater [4-11]. 
The mitr are Mineral transported, is used to describe desert dust 
that is transported. The Mineral (nucleation mode) MINM, Mineral 
(accumulation mode) MIAM, and Mineral (coarse mode) MICM, 
are mineral aerosols or desert dusts that are produced in arid regions 
(Table 1) [12-26].

The kohler theory that will describe the equilibrium water vapor 
saturation ratio S is given by

w eS a k=                (1)

Where aw represent the water activity and ke is the Kelvin effect. The 
relationship between

Droplet radius and RH at equilibrium can also be given as:
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Where R is the universal gas constant and T is the temperature. 
According to ref. [13], eqn (2) can be written as:
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The aerosol’s hygroscopicity growth factor g(S), [13,14] is defined as:
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Where S can be set for eight values, substituting eqn (5) in to eqn 
(4) we get
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The first term on the RHS of eqn (6) is the Kelvin effect given as
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The Second term on the RHS of eqn (3.6) is the water activity given as:
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Abstract
In this study, a volume based hygroscopicity (kv) model was applied to the data obtained from Optical Properties 

of Aerosol and Clouds (OPAC), the properties obtained were the radii of arctic, continental clean, continental polluted, 
maritime clean, maritime polluted, Sahara and urban at eight relative humidity of 0%, 50%, 70%, 80%, 90%, 95%, 
98%, and 99%. The Kelvin radii (A) and bulk hygroscopicity (B) were determined using regression analysis, the result 
shows that B is more dominant than A for maritime clean and maritime polluted, also discovered that maritime clean 
and maritime polluted has higher value of kv while Saharan has lowest. We also discovered that R2 is greater than 90%, 
p-value and significance are less than 0.05, therefore the parameter kv is good for atmospheric modeling.
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Result and Discussion
From Table 2, we can observe that, based on the values of R2, 

the data fitted the equation very well and by looking at the table, we 
can observe that B is more dominant than A for maritime clean and 
maritime polluted due to their p-values and from the values of Kelvin 
radii, it observed that, only Saharan aerosols is negative which means 
that the Kelvin radii apart from positive (Figure 1 and Table 2) [26].

From Figure 1, It can be seen that volume based Kelvin effect on the 
Saharan, is linear and is while Urban, Continental polluted, continental 
clean are independent of RH and are greater than one. The Maritime 
polluted and Arctic have the same type of pattern, that is why they 
increase with the increase in RH and is more sensitive at higher RHs 
(90-99%). Lastly the Maritime clean is more sensitive to RH and is non-
linear (Table 3).

Table 3 show that, the data fitted the equation very excellent by 
considering the values of R2. By observing the result it can be seen that 
maritime clean and maritime polluted has high values of kv due to 
dominant of sea salt while it is moderate for arctic aerosols and is less 
for Saharan due to sufficient mineral at the region.

Figure 2 represents bulk hygroscopicity and Kelvin radii of the 
aerosols where it shows linearity for both bulk hygroscopicity and 
Kelvin radii except that of Sahara due to its compositions.

From Figure 3, it shows a linear relationship between bulk 
hygroscopicity and volume based Hygroscopiciciy where the 
continental average, continental clean, Sahara and urban falls between 
0-0.5, arctic falls between 1.5-2 and lastly maritime clean and maritime 
polluted falls between 2-2.5 (Figure 4).
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But atmospheric aerosols usually comprised mixtures of soluble 
components, therefore an effective hygroscopic growth factor of the 
mixture, geff (S) representative for the entire aerosols particle population 
is giving from the previous study as:
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The effective or volume equivalent radius of the mixture was 
determined using the relation
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Where xk denote the volume fractions, using the Zdanovskii-
Stokes-Robisnson relation (ZSR relation) [15-18].

For many components eqn (6) can be written to represent the 
property of the bulk components using eqns (9) and (10) as:
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By using regression analysis with SPSS 16, the constants A and B 
were determined.

Therefore eqn (7) can be written as
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The hygroscopicity parameter κv relates the volume of the dry 
aerosol particle (Vd) to the volume of water (Vw) and the activity of 
water (aw) in the aqueous droplet:

Model number Aerosols model types Aerosols 
components

Number concentrations (cm3) Rmin Rmax Sigma Rmod
(µm) (µm) σ (µm)

1 Arctic Inso 0.01 0.005 20 2.51 0.471
Waso 1,300.00 0.005 20 2.24 0.0212
Soot 5,300.00 0.005 20 2 0.0118
Ssam 1.9 0.005 20 2.03 0.209

2 Continental clean Waso 2,600.00 0.005 20 2.24 0.0212
Inso 0.15 0.005 20 2.51 0.471

3 Continental Polluted Inso 0.6 0.005 20 2.51 0.471
Waso 15,700.00 0.005 20 2.24 0.0212
Soot 34,300.00 0.005 20 2 0.0118

4 Desert Waso 2,000.00 2.24 0.0212 0.0212 0.005
Minm 269.5 1.95 0.07 0.07 0.005
Miam 30.5 2 0.39 0.39 0.005
Micm 0.142 2.15 1.9 1.9 0.005

5 Maritime Clean Waso 1,500.00 0.005 20 2.24 0.0212
Ssam 20 0.005 20 2.03 0.209
Sscm 0.0032 0.005 60 2.03 1.75

6 Maritime Polluted Waso 3,800.00 0.005 20 2.24 0.0212
Soot 5,180.00 0.005 20 2 0.0118
Ssam 20 0.005 20 2.03 0.209
Sscm 0.0032 0.005 60 2.03 1.75

7 Urban Waso 28,000.00 0.005 20 2.24 0.0212
Inso 1.5 0.005 20 2.51 0.471
Soot 130,000.00 0.005 20 2 0.0118

Table 1: The models extracted from OPAC at 0 RHs.
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From Figure 4, it can be seen that only Sahara aerosol has a 
good agreement between volumes based hygroscopicity and bulk 
hygroscopicity.

Conclusion
From the results obtained, we observed that bulk hygroscopicity 

(A) dominates the Kelvin radii (B) for maritime clean and maritime 
polluted and also as RH increase, the Kelvin effect increases. This 
implies that, they are more sensitive at deliquescence point (90-99%). 
By observing the volume based hygroscopicity parameter kv, it can be 
seen that, it has higher value for maritime clean and maritime polluted 
and less for Saharan and Figure 2 shows a good agreement between 
Kelvin radii and bulk hygroscopicity except for Saharan due to its 
compositions.
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Figure 1: A volume based Kelvin effect plotted against relative humidity using 
eqn (12).
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Figure 2: A plot of bulk hygroscopicity and Kelvin radii using eqn (11).
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Table 3: The results of volume based hygroscopicity using eqn (12). 0
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Figure 3: A plot of volume based and Kelvin radii for atmospheric aerosols.

0

1

2

3

4

5

Arctic Continental
av

Continental
clean

Maritime
clean

Maritime
polluted

Sahara Urban

Volume based hygroscopicity against bulk 
hygroscopicity

B

kv

Figure 4: A plot of volume based and bulk hygroscopicity for atmospheric 
aerosols.

http://pubs.rsc.org/en/Content/ArticleLanding/1936/TF/tf9363201152#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1936/TF/tf9363201152#!divAbstract
https://miami.pure.elsevier.com/en/publications/aerosols-cloud-microphysics-and-fractional-cloudiness
https://miami.pure.elsevier.com/en/publications/aerosols-cloud-microphysics-and-fractional-cloudiness
https://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf
https://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf
https://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf
https://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf
https://dx.doi.org/10.1016/j.atmosenv.2005.04.029


Citation: Saadu B, Tijjani BI, Galadanci GSM (2017) Determination of Kelvin Radii and Bulk Hygroscopicity of Volume Based Hygroscopicity for 
Atmospheric Aerosols. Fluid Mech Open Acc 4: 153. doi: 10.4172/2476-2296.1000153

Page 4 of 4

Volume 4 • Issue 2 • 1000153Fluid Mech Open Acc, an open access journal
ISSN: 2476-2296

activity of internally mixed ammonium sulfate/organic acid aerosol particles. 
Atmos Environ 39: 4767-4778.

5. Bilde M, Svenningsson B (2004) CCN activation of slightly soluble organics:
The importance of small amounts of inorganic salt and particle phase. Tellus
B 56: 128-134.

6. Broekhuizen K, Kumar P, Abbatt JPD (2004) Partially soluble organics as cloud 
condensation nuclei: Role of trace soluble and surface active species. Geophys 
Res Lett 31: 101-107.

7. Raymond TM, Pandis SN (2003) Formation of cloud droplets by Multicomponent 
organic particles. J Geophys Res 108: 44-69.

8. Jacobson MC, Hansson HC, Noone KJ, Charlson RJ (2000) Organic
Atmospheric Aerosols: Review and State of the Science. Rev Geophys 38:
267-294.

9. Saxena P, Hildemann LM (1996) Water-soluble organics in atmospheric
particles: A critical review of the literature and application of thermodynamics to 
identify candidate compounds. J Atmos Chem 24: 57-109.

10.	Zhang Q, Jimenez JL, Canagaratna MR, Allan JD, Coe H, et al. (2007) Ubiquity 
and dominance of oxygenated species in organic aerosols in anthropogenically 
influenced Northern Hemisphere midlatitudes. Geophys Res Lett 34: 13801.

11. Hess M, Koepke P, Schult I (May 1998) Optical Properties of Aerosols and
Clouds: The Software Package OPAC. Bulletin of the American Meteorological 
Society 79: 831-844.

12.	Petters M, Kreidenweis S (2007) A single parameter representation of
hygroscopic growth and cloud condensation nucleus activity. Atmospheric
Chemistry and Physics 7: 1961-1971.

13.	Swietlicki E, Hansson H, Hameri K, Svenningsson B, Massling A, et al. (2008)
Hygroscopic properties of submicrometer atmospheric aerosol particles
measured with H-TDMA instruments in various environments-A review. Tellus
B 60: 432-469.

14.	Randles CA, Russell LM, Ramaswamy V (2004) Hygroscopic and optical
properties of organic sea salt aerosol and consequences for climate forcing,
Geophysical Research Letters 3: 16108.

15.	Sjogren S, Gysel M, Weingartner E, Baltensperger U, Cubison, et al. (2007)
Hygroscopic growth and water uptake kinetics of two-phase aerosol particles
consisting of ammonium sulphate, adipic and humic acid mixtures. J Aerosol
Sci 38: 157-171.

16.	Stokes RH, Robinson RA (1966) Interactions in aqueous nonelectrolyte
solutions. I. Solute-solvent equilibria. Journal of Physical Chemistry 70: 2126-2130.

17.	Meyer NK, DuplissyJ, Gysel M, Metzger A, Dommen, et al. (2009) Analysis
of the hygroscopic and volatile properties of ammonium sulphate seeded and
unseeded SOA particles. Atmospheric. Chemistry and Physics 9: 721-732.

18.	Stock MYF, Cheng W, Birmili A, Massling B, Wehner T, et al. (2011 )
Hygroscopic properties of atmospheric aerosol particles over the Eastern
Mediterranean: Implications for regional direct radiative forcing under clean
and polluted conditions. Atmospheric Chemistry and Physics 11: 4251-4271.

19.	Petters MD, Carrico CM, Kreidenweis SM, Prenni AJ, DeMott PJ, et al. (2009)
Cloud condensation nucleation activity of biomass burning aerosol. J Geo-phys 
Res 114: 202-205.

20.	Gunthe SS, King SM, Rose D, Chen Q, Roldi P, et al. (2009) Cloud
condensation nuclei in pristine tropical rainforest air of Amazonia: Size-
resolved measurements and modeling of atmospheric aerosol composition and 
CCN activity. Atmospheric Chemistry and Physics 9: 7551-7575.

21.	Mikhailov E, Vlasenko S, Martin ST, Koop T, Poschl U (2009) Amorphous and
crystalline aerosol particles interacting with water vapor: Conceptual framework 
and experimental evidence for restructuring, phase transitions and kinetic
limitations. Atmos Chem Phys 9: 9491-9522.

22.	Carrico CM, Pctters MD, Kreidenweis SM, Sullivan AP, McMeeking, GR, et al.
(2010) Water uptake and chemical composition of fresh aerosols generated in
open burning of biomass. Atmos Chem Phys 10: 5165-5178. 

23.	Rose D, Nowak A, Achtert P, Wiedensohler A, Hu M, Shao M, et al. (2010)
Cloud condensation nuclei in polluted air and biomass burning smoke near
the mega-city Guangzhou, China - Part 1: Size-resolved measurements and
implications for the modeling of aerosol particle hygroscopicity and CCN
activity. Atmos Chem Phys 10: 3365-3383.

24.	Rose D, Gunthe SS, Su H, Garland RM, Yang H, et al. (2011) Cloud
condensation nuclei in polluted air and biomass burning smoke near the mega-
city Guangzhou, China - Part 2: Size-resolved aerosol chemical composition,
diurnal cycles, and externally mixed weakly CCN-active soot particles. Atmos
Chem Phys 11: 2817-2836.

25.	Duplissy JPF, DeCarlo J Dommen MR, Alfarra A, Metzger I, et al. (2011)
Relating hygroscopicity and composition of organic aerosol particulate matter.
Atmos Chem Phys 11: 1155-1165.

26.	Tijjani BI, Uba S, Koki FS, Galadanci GSM, Nura AM, et al. (2015) The effect
of Kelvin effect on the equilibrium effective radii and hygroscopic growth of
atmospheric aerosols. Journal of Natural Sciences Research 5: 96-111.

https://dx.doi.org/10.1016/j.atmosenv.2005.04.029
https://dx.doi.org/10.1016/j.atmosenv.2005.04.029
http://dx.doi.org/10.1111/j.1600-0889.2004.00090.x
http://dx.doi.org/10.1111/j.1600-0889.2004.00090.x
http://dx.doi.org/10.1111/j.1600-0889.2004.00090.x
https://dx.doi.org/10.1029/2003GL018203
https://dx.doi.org/10.1029/2003GL018203
https://dx.doi.org/10.1029/2003GL018203
https://dx.doi.org/10.1029/2003JD003503
https://dx.doi.org/10.1029/2003JD003503
http://dx.doi.org/10.1029/1998RG000045
http://dx.doi.org/10.1029/1998RG000045
http://dx.doi.org/10.1029/1998RG000045
http://dx.doi.org/ 10.1007/BF00053823
http://dx.doi.org/ 10.1007/BF00053823
http://dx.doi.org/ 10.1007/BF00053823
https://dx.doi.org/10.1029/2007GL029979
https://dx.doi.org/10.1029/2007GL029979
https://dx.doi.org/10.1029/2007GL029979
http://search.proquest.com/openview/5befeb25d2ffc16a5a55798f6f9db0a3/1?pq-origsite=gscholar&cbl=31345
http://search.proquest.com/openview/5befeb25d2ffc16a5a55798f6f9db0a3/1?pq-origsite=gscholar&cbl=31345
http://search.proquest.com/openview/5befeb25d2ffc16a5a55798f6f9db0a3/1?pq-origsite=gscholar&cbl=31345
https://dx.doi.org/10.5194/acp-7-1961
https://dx.doi.org/10.5194/acp-7-1961
https://dx.doi.org/10.5194/acp-7-1961
http://dx.doi.org/10.1007/978-1-4020-6475-3_141
http://dx.doi.org/10.1007/978-1-4020-6475-3_141
http://dx.doi.org/10.1007/978-1-4020-6475-3_141
http://dx.doi.org/10.1007/978-1-4020-6475-3_141
https://dx.doi.org/10.1029/2004GL020628
https://dx.doi.org/10.1029/2004GL020628
https://dx.doi.org/10.1029/2004GL020628
http://dx.doi.org/10.1016%2Fj.jaerosci.2006.11.005
http://dx.doi.org/10.1016%2Fj.jaerosci.2006.11.005
http://dx.doi.org/10.1016%2Fj.jaerosci.2006.11.005
http://dx.doi.org/10.1016%2Fj.jaerosci.2006.11.005
http://link.springer.com/article/10.1007/BF00646000
http://link.springer.com/article/10.1007/BF00646000
https://dx.doi.org/10.5194/acp-9-721
https://dx.doi.org/10.5194/acp-9-721
https://dx.doi.org/10.5194/acp-9-721
http://www.atmos-chem-phys.net/11/4251/2011/10.5194/acp-11-4251
http://www.atmos-chem-phys.net/11/4251/2011/10.5194/acp-11-4251
http://www.atmos-chem-phys.net/11/4251/2011/10.5194/acp-11-4251
http://www.atmos-chem-phys.net/11/4251/2011/10.5194/acp-11-4251
https://dx.doi.org/110.1029/2009JD012353
https://dx.doi.org/110.1029/2009JD012353
https://dx.doi.org/110.1029/2009JD012353
http://dx.doi.org/10.5194/acp-9-7551
http://dx.doi.org/10.5194/acp-9-7551
http://dx.doi.org/10.5194/acp-9-7551
http://dx.doi.org/10.5194/acp-9-7551
http://dx.doi.org/10.5194/acp-9-949
http://dx.doi.org/10.5194/acp-9-949
http://dx.doi.org/10.5194/acp-9-949
http://dx.doi.org/10.5194/acp-9-949
http://dx.doi.org/10.5194/acp-10-5165-2010
http://dx.doi.org/10.5194/acp-10-5165-2010
http://dx.doi.org/10.5194/acp-10-5165-2010
http://www.atmos-chem-phys.net/10/3365/2010/
http://www.atmos-chem-phys.net/10/3365/2010/
http://www.atmos-chem-phys.net/10/3365/2010/
http://www.atmos-chem-phys.net/10/3365/2010/
http://www.atmos-chem-phys.net/10/3365/2010/
http://dx.doi.org/10.5194/acp-11- 2817-2011
http://dx.doi.org/10.5194/acp-11- 2817-2011
http://dx.doi.org/10.5194/acp-11- 2817-2011
http://dx.doi.org/10.5194/acp-11- 2817-2011
http://dx.doi.org/10.5194/acp-11- 2817-2011
http://dx.doi.org/10.5194/acp-11-1155-2011
http://dx.doi.org/10.5194/acp-11-1155-2011
http://dx.doi.org/10.5194/acp-11-1155-2011
http://www.iiste.org/Journals/index.php/JNSR/article/view/27139
http://www.iiste.org/Journals/index.php/JNSR/article/view/27139
http://www.iiste.org/Journals/index.php/JNSR/article/view/27139

	Title
	Corresponding Author
	Abstract 
	Keywords
	Introduction 
	Methodology 
	Result and Discussion 
	Conclusion 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

