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Abstract
Adsorption of trace atmospheric gases by aerosol particles contributes to the evolution of
concentration distribution of the trace constituents and can affect subsequent chemical reactions
in the atmosphere. We suggest a two dimensional model of adsorption of trace atmospheric
constituents by carbon-based particulate matter in air pollution plume dispersed from industrial
source. The model is based on the application of theory of turbulent diffusion in the atmospheric
boundary layer in conjunction with plume dispersion model and model of gas adsorption by
porous solid particles. The wind velocity profiles used in the simulations were determined by field
measurements conducted in the Northern Negev (Israel) using the experimental wind mast. The
adsorbate concentration distributions are calculated for the carbon-based PM2.5-10, which is typical
for industrial emissions. The analyses of the obtained results are performed for different
meteorological conditions and atmospheric stability classes. We found that spatial evolution of
active gas concentration in the gaseous phase strongly depends on the stability of the atmosphere
and efficiency of adsorption of various gases by a particulate matter. In the case of the unstable
atmosphere, we calculated the ground level concentration distribution of active gases as a function
of the distance from the point of release. The calculated concentration distribution can be used for
the assessments of human exposure to hazardous gaseous contaminants in the atmosphere and in
various air quality models.
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Pasquill-Gifford dispersion parameters
The model is based on an application of theory of turbulent
diffusion in the atmospheric boundary layer (ABL) in conjunction
with the plume dispersion model and model of gas adsorption by
porous solid particles.

In the calculations the vertical mean wind velocity profiles are
fitted from the field measurements data conducted in the Northern
Negev (Israel) using the experimental wind mast (Katra et al.,
2016). The adsorbate concentration distributions are calculated for
the particulate matter PM2.5-10, which is typical for industrial
emissions in Northern Negev (Israel). The analyses of the obtained
results are performed for different meteorological conditions and
atmospheric stability classes.

It is demonstrated that spatial evolution of active gas
concentration in the gaseous phase strongly depends on the
stability of the atmosphere and efficiency of adsorption of various
gases by particulate matter.
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Fig. 1. The Gaussian plume emitted 

from a continuous point source in a 

wind-oriented coordinate system (i.e. 

x is along the direction of u).

C – air pollutant concentration;

u – wind velocity at the point of 

release;

σy – the standard deviation of

the concentration distribution
in the crosswind direction;

σz – the standard deviation of the

concentration distribution in
the vertical direction
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Pasquill-Gifford stability classes 

Fig. 2. Pasquill-Gifford (a) horizontal and (b) vertical dispersion parameters

Vertical profile of wind velocity
In the surface layer the mean wind velocity is described by a log profile:

velocity. friction is , is the roughness0zwhere 

The results of wind speed measurements conducted at  Beer-Sheva area 
are showed in Fig. 4 (see Katra et al., 2016):

Fig. 4. Results of 

wind velocity 

measurements

For each height the average wind velocity 
can be calculated as follows:

Fig. 5. Dependence of wind velocity vs. altitude
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Fig. 6 Distribution of aerosol particles 

concentration in aerosol plume and 

concentration of trace gases in the 

atmosphere calculated in the XZ-plane, 

evaluated at Y = 0 (source release rate Q = 10 

g/s, stability class ‘F’ – stable atmosphere); 

(a) distribution of aerosol particles 

concentration in Gaussian plume; (b) 

distribution of concentration of nitrogen 
oxide NO2; (c) distribution of concentration of 

nitric acid HNO3.
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Where is rate of loss of active gas due to adsorption by aerosol
particles.

For stable boundary layer (SBL) coefficient            reads (Blackadar, 1979):

0.25  = CRi, 0.4= km, 200= mzlength, the turbulent mixing is lhere w

Turbulent diffusion of active gas

For the unstable boundary layer coefficient            reads (Dyer, 1974):

(4)

where                                           , L is Monin-Obykhov length.

Gas adsorption by aerosol particles
Using mass balance equation we obtained following expression for coefficient          :

(6)

− Henry’s adsorption constant; − coefficient of molecular diffusion;m GD

volume fraction of particles.

Vertical profile of wind velocity
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Fig. 3. A cup 

anemometer

Fig. 2. A 10-m wind mast

(a)

(b)

(c)

Fig. 6 Distribution of aerosol particles 

concentration in aerosol plume and 

concentration of trace gases in the atmosphere 

calculated in the XZ-plane, evaluated at Y = 0 

(source release rate Q = 10 g/s, stability class 

‘B’ – unstable atmosphere); (a) distribution of 

aerosol particles concentration in Gaussian 

plume; (b) distribution of concentration of 

nitrogen oxide NO2; (c) distribution of 
concentration of nitric acid HNO3.


