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Abstract: From the prospective of air quality, the dispersion of heavy metal pollutants has gain importance in
recent past. The pollutants disperse from the point of release to the distant areas transporting contaminants
there. Heavy metal pollutants in the form of fine particulate matter can be harmful to human health through
inhalation. In this study the lateral dispersion of heavy particles is predicted with the help of experimentally

measured values of the dispersion for copper particles. The experimental values of the dispersion for copper

particles are taken from the literature. The stochastic technique is used to develop a rigorous simulation model

for the dispersion of the copper particles. This technique helped in the generation of random fluctuations for
the fluid (air) as well as for the heavy particle, copper. The random behavior of copper particle is applied on
other heavy metals belonging to the same class. In this study the lateral dispersion of various heavy metal
particles is predicted on the basis of their densities and particle sizes. The results so obtained make good sense

and relate well with the density and size of the heavy metal particles.
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INTRODUCTION

In order to monitor and develop better understanding
of the air quality and dispersion phenomenon in the
urban atmospheric boundary layer (ABL) environment,
the application of computational fluid dynamics has
become very interesting and important topic [1]. The
estimation of the dispersion for toxic pollutants into the
atmosphere requires the computation of the concentration
of the pollutants. The dispersion of different pollutants,
in the turbulent flow, released from the industries,
chemical plants, Nuclear reactor and other pollution
sources in the form of fine particles is an important
atmospheric pollution study. These pollutants get
transported from place to place in the form of very small
micron size particles. These particles may be in the form
of ash and smoke [2]. The micron size particles in the
form of suspended dust, droplets, bubble etc produced
by many natural phenomenons get advected into the
incompressible turbulent atmospheric flow [3, 4]. The
size, type and density of the particles describe transport

of particles in the air as well as the deposition of
these particles into the human body through respiratory
tracks [5].

Various approaches have been adopted as cited in
the literature for the dispersion estimation of the particles
in air. Markov chain-Monte Carlo (MCMC) method has
been used in a homogeneous turbulent flow for the
dispersion measurement as well as simulating particle
trajectories [6]. MCMC model has also been used for the
particles dispersion and air concentration measurements
in planetary boundary layer (PBL) under neutral
atmospheric conditions from a continuous point source at
the ground level and at a height of 100 m above the
ground level [7]. The Lagrangian Model for concentration
fluctuation ‘LAGFLUM” is the mix up of the macro and
micro schemes for the langrangian model for the passive
tracer concentration [8].

Light and heavy particles have different flow trends
with respect to the carrier fluid. Light particles follow
nearly the same path as that of the carrier fluid however
heavy particles having density different than that of the
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carrier fluid do not follow the same path as that of the
fluid [9]. The light particles behave just like the fluid
points however the heavier particles having significant
inertia show crossing trajectories effect [10]. The heavy
particles because of inertia do not follow the highly
frequent fluctuations of the fluid (air). If the particle has
sufficient terminal velocity it will fall from one eddy to
another and this phenomenon is named as ‘corrosing-
trejectories effect’. However the light particle representing
the fluid point has no inertial impacts on the eddy and will
remain in the same eddy for its life time [5]. The heavy
metal trajectory model in the turbulent flows was
presented in the uniform horizontal atmospheric surface.
Dispersion of glass in the form of a sphere has been
studied when released at a height of few meters above the
ground level [7]. Particle velocities as well as trajectories
have been computed with the help of lagrangian approach
[11].

In the present study the lateral dispersion of copper
particles is computed with an assumption that the
particles do not collide with each other. The
computational results for the dispersion of copper
particles are obtained with the help of stochastic
simulation technique which produces more rigorous
results when compared with the experimental dispersion
results for the copper particle [2]. The lateral dispersal
trends for a number of heavy particles are predicted
keeping the same random behavior as that of copper
particles. The dependence of the lateral dispersion on the
particle size as well as density of the particle is studied for
various heavy metals that include Cd, Cr, Cu, Ni, Pb and
Zn. It has been found that for each heavy metal, the
greater the density of the heavy metal particle, the smaller
is the lateral dispersion and vice versa. Also the greater
the particle size of the heavy metal particle the smaller is
the lateral dispersion and vice versa.

MATERIALS AND METHODS

In order to find out the particle motion in the lateral
direction, we make use of the following equations as
described by [2]:

du

_x =

dt
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where u, is the lateral velocity fluctuation of fluid as a

particle carrier and u,, is the lateral particle fluctuation.
Time which describes the motion of a particle is 7,

and is given by the following equation [2]:
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M, is the mass of the particle moving in a carrier
fluid, u is the kinematic viscosity of the fluid, D, is the
diameter of the spherical particle and F is the drag
coefficient given by [2]

F =1+015Re," % )

Particle Reynolds number can be calculated from the
following Equation [2].
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where p is the fluid density and u,, is the relative velocity.

The fluid velocity fluctuations and so the particle
velocity fluctuations are generated using the RAND
function. For the generation of the velocity fluctuations,
for a specific particle, the coefficient as well as the
argument of the function has to be adjusted to get the
accurate results. The mean lateral velocity of the particle
is taken as zero [2]. The standard deviation is obtained
from the randomly generated velocity fluctuations for the
copper particle.

The time for which a particle remains in an eddy is
known as eddy life time of the particle. The particle eddy
may be calculated with the help of turbulent kinetic
energy and dissipation rate of the kinetic energy [2, 10].
The solution of equation 1 is given as [2]:
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u,,, is the value of particle velocity at t=0. where ‘t’ is the
small time interval whose value is chosen as 19.1 ms and
this value is kept less than the eddy life time.

The computational results found for the copper
particle has been used to find out the lateral dispersion
2 trends of the various heavy metals belonging to the
same class of metals as copper. Six heavy metals are
chosen and assuming the same random behavior of these
metals as that of copper particle, the dispersion values are
studied. The various input values relating the dispersion
studies of the heavy metal particles are given in Table 1.
In order to predict the dispersal behavior due to the size
of a particle, seven particle sizes are selected for each
metal and their dispersion trends are observed. The
volume of each particle is measured from the size of the
spherical particle. With the help of density of each
particle, mass is calculated.
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Table 1: Heavy metal particulates characterization and dispersion parameters.

Sr.No Element Name

Particle Dia (u m) Particle Volume (m*) Particle Mass (Kg)

Rynolds Number Dynamic time (s) Particle Density (Kg/m?)

1 Copper 30 1.409*107" 1.262%107"° 3.355%1072 3.552*%1072 8960
35 2.238*107" 2.005*1071° 3.914*1072 4.830%1072
40 3.340%107 2.993*1071° 4.473%1072 6.299*1072
45 4.756%107" 4.262%1071° 5.033*107? 7.961%1072
46.5 5.24*107" 4.671*¥107"° 5.200%1072 8.438*1072
60 1.127*%107" 1.010%10™ 6.71%1072 1.409*107"
75 2.202%107" 1.973*¥107° 8.388*1072 2.193*107!
90 3.805*107" 3.409%107° 1.006*107" 3.147*%107"
2 Cadmium 30 1.409%107" 1.219%107"° 3.355%1072 3.431%1072 8650
35 2.238*107 1.936%107"° 3.914%1072 4.663*1072
40 3.340%107 2.889%1071° 4.473%1072 6.080%1072
45 4.756%107" 4.114*107"° 5.033*1072 7.685%1072
60 1.127*¥107" 9.753%1071° 6.71*¥1072 1.360*107"
75 2.202%107" 1.904*107° 8.388*1072 2.117*107!
90 3.805%107" 3.291%107° 1.006*107" 3.038*%107"
3 Chromium 30 1.409*107" 1.013*¥107"° 3.355%1072 2.851*1072 7190
35 2.238*1071 1.609%107"° 3.914*1072 3.876%1072
40 3.340%107 2.402%1071° 4.473%1072 5.055%1072
45 4.756%1071* 3.420%1071° 5.033*1072 6.388*%1072
60 1.127*¥107" 8.107*%1071° 6.71%¥1072 1.131*%107"
75 2.202%107" 1.583*107 8.388*1072 1.760%107"
90 3.805%107" 2.736%107° 1.006*107" 2.526*107"
4 Nickel 30 1.409%107"* 1.245%1071° 3.355%1072 3.529%1072 8900
35 2.238*107 1.991%1071° 3.914*1072 4.796*1072
40 3.340%107" 2.973*1071° 4.473%1072 6.257%1072
45 4.756%107"* 4.233%1071° 5.033*1072 7.907%1072
60 1.127*%107" 1.003*107 6.71%1072 1.339*107"
75 2.202%107" 1.960%107 8.388*1072 2.734*107!
90 3.805*107" 3.386%1077 1.006*107" 3.126*107"
5 Lead 30 1.409%107"* 1.599%107"° 3.355%1072 4.501*1072 11350
35 2.238*107" 2.540%1071° 3.914*1072 6.118%1072
40 3.340%107 3.791%1071° 4.473%1072 7.978*%1072
45 4.756%107" 5.399%1071° 5.033*1072 1.008*107"
60 1.127*%107" 1.279%107 6.71%1072 1.784*107"
75 2.202%107" 2.499%107° 8.388*1072 2.778*107!
90 3.805*107" 4.319%107° 1.006*107" 3.988*107"
6 Zinc 30 1.409*107 1.004*107"° 3.355%1072 2.826%1072 7130
35 2.238*107" 1.595%1071° 3.914*1072 3.842%1072
40 3.340*107 2.382%1071° 4.473%1072 5.013*1072
45 4.756%107" 3.391*%1071° 5.033*1072 6.334*1072
60 1.127*107" 8.039*1071° 6.71¥1072 1.121*107!
75 2.202%107" 1.570%107° 8.388*1072 1.745%107"
90 3.805%107" 2.713*¥107° 1.006*107" 32.505*10"

RESULTS AND DISCUSSIONS

The lateral dispersion ,2 of the various particles is
assessed in two ways; first the dispersion is studied for
each element by varying the particle size. In the second
case the particle size is kept the same however elements
are varied to observe for the lateral dispersion trends of
the elemental particulates with respect to each other.
The computational results for the dispersion of the
element copper are obtained for the particle size 46.5 pm
and are compared with the experimental dispersion results
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for copper [2]. The computational and experimental results
show good agreement as indicated by a solid line and
small circles in Figure 1(a). This element and the rest of
the five elements have been computed for the lateral
dispersion showing different behavior based on the
density of the particle for the specific element. It has been
observed that as the particle size decreases there is an
increase in the lateral dispersion as shown in Figure 1(a-f).
It is also observed that there is an increase in the
difference between the two dispersed particles of an
element as the particle size decreases.
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Fig. 1(a-f): Dispersion of the six elements. For each element the particle size is varied from 30 to 90 microns

In the second case studied for the lateral dispersion study. This study shows that as the particle size of the
2 , the particle size is kept the same and the behavior of ~ heavy metal increases, the lateral dispersion decreases as
lateral dispersion is seen for all the six elements under shown in the Figure 1(a-f) and Figure 2(a-g). Also it is
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Fig. 2(a-g): Dispersion of the six elements. For each particle size the dispersion of all the six elements is observed
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observed that the particles of the elements with the
smaller densities are dispersed more than that with
the high density values. The difference in the
dispersion is comparable with the densities of the
elements. The elements show the following lateral
dispersion order:

2 2 2 2 2 2 6
Xon > Xy >XCa > Xy > X > Xpp ©
The densities of the heavy metals are in the following
order
Pes> Peu™ Pri > Pea™ Por ™ Pr (N
It can be seen from the above two inequalities that
there is an inverse relationship between the lateral
dispersion and the densities of the elemental particles
studied. One can also observe that there is an inverse
relationship between the particle size and the lateral
dispersion as seen in Figure 1(a-f).

CONCLUSIONS

Based on the stochastic numerical dispersion
simulations conducted for wide range of heavy metal
particles of various sizes, the following conclusions may
be drawn.

« For Copper, the simulated values of lateral
dispersion agree with the corresponding experimental
data.

* By increasing the particle size, the values of lateral
dispersion decreases.

« The lateral dispersion of the heavy metal particles
exhibits inverse proportionality with the density of
the metal.

« The dispersion process dilutes the heavy metal
pollutant particles into the atmosphere.
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