Wet deposition
Another important process accounting for heavy metal removal from the atmosphere is
wet deposition. Particle-bound heavy metals as well as soluble gaseous species are
scavenged form the atmospheric air both in cloud environment and below the cloud base.
Wet deposition of a substance is described by the equation:

where

is the wet deposition coefficient depending on the local precipitation rate

.

We used the following expression for the wet deposition coefficient based on measurement
data:

here

and

are empirical constants;

is a fraction of the grid cell where precipitation occurs.

We adopt
for convective precipitation and
for stratiform one following the
discussion in [Walton et al., 1988]. The pollutant mixing ratio averaged over a grid cell after
the wet deposition is given by:

The model distinguishes in-cloud scavenging (ICS) and below-cloud scavenging (BCS).

In-cloud scavenging
In the cloud environment soluble gases dissolve very quickly in the cloud water coming
into the equilibrium with the solution, while aerosol particles are taken up by cloud
droplets due to nucleation or impaction scavenging. Further collection of cloud drops by
falling raindrops leads to removal of the pollutants from the atmosphere. The efficiency of
aerosol scavenging by cloud droplets depends upon the cloud liquid water content (LWC).
Figure 1 shows the scavenging efficiencies (i.e. the ratio of aerosol concentration in cloud
water to its concentration in interstitial air) for Pb and SO4 measured by A.Kasper et al.
[1998] as a function of the LWC. For values of the LWC higher than 0.5 g/m3 the efficiency

commonly exceeds 0.8 and it drops down when the LWC become lower 0.1 g/m3. For the
approximation of the dependence we used the following expression:

where the liquid water content
is in g/m3;
constant
is equal to 0.1.
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Fig. 1. Efficiency of aerosol scavenging by cloud droplets for lead and sulfate as a function of cloud
LWC. Symbols show measurement data from [Kasper et al., 1998], solid line – approximation

Thus for the in-cloud scavenging Equation (3) is transformed to:

where the scavenging efficiency
aqueous forms.

for aerosol particles is defined by Eq. (1.66) and

for

Parameters of the wet deposition coefficient expression (2) for in-cloud scavenging
estimated or measured by different authors are presented in Table 1. Taking into account
values in the table and sensitivity calculations we adopted the parameters:
for all heavy metal species incorporated into cloud water.
Table 1.6.

Parameters of the wet deposition coefficient for in-cloud scavenging
(
is in units of s-1; is in units of mm/h)

Reference
Scott, 1982

Penner et al., 1991
Brandt et al., 2002
Andronache, 2004
*-

ICS plus BCS of HNO3

(10-4)
3.5
1.31
3.36
3.97

0.78
1
0.79
0.81
** -

Method
Calculation
Estimation *
Estimation
Measurement **

Calculations based on measured ICS plus BCS

Below-cloud scavenging
Below the cloud base aerosol particles and soluble gases are collected by falling raindrops
and removed from the air. The model parameterization of below-cloud scavenging is
mostly based on empirical estimates. Table 2 presents parameters of the wet deposition
coefficient for BCS of particles and highly soluble gases based on measurement data. As
seen different estimates of
varies roughly from 0.510-4 to 2.510-4 s-1; and
is
within the range 0.62-0.79. There is no principal difference between values of the
parameters for sub-micron aerosol particles and highly soluble gases. Basing on the data
from
the
table
and
the
sensitivity
runs
we
adopted
the
values
and
both particle-bound heavy metals and highly soluble
gaseous species (RGM).
Table 2. Parameters of the wet deposition coefficient for below-cloud scavenging
is in units of s-1; Rp is in units of mm/h)
Reference

Ragland and Wilkening, 1983
Barries, 1985
Jylhä, 1991
Asman, 1995
Okita et al., 1996
Brandt et al., 2002
Andronache, 2003

Method
1.22

0.63

Estimation

1

0.67

Measurement

1

0.64

Measurement

0.52-0.99

0.62

Calculation *

1.38

0.74

Measurement

0.84

0.79

Estimation

0.67 – 2.44

0.7

Calculation **

- for highly soluble gases
** - theoretical calculations based on measured aerosol size spectra
*

______________________________
Andrinache C. [2003] Estimated variability of below-cloud aerosol removal by rainfall for observed aerosol size
distributions. Atmos. Chem. Phys. 3, 131-143.
Andrinache C. [2004] Estimates of sulfate aerosol wet scavenging coefficient for locations in the Eastern United States.
Atmos. Environ. 38, 795-804.
Asman W.A.H. [1995] Parameterization of below-cloud scavenging of highly soluble gases under convective conditions.
Atmos. Environ. 29, 1359-1368.
Barries L.A. [1985] Scavenging ratios, wet deposition, and in-cloud oxidation: an application to the oxides of sulphur and
nitrogen. J. Geophys. Res. 90(D3), 5789-5799.
Brandt J., Christensen J.H., Frohn L.M. [2002] Modelling transport and deposition of caesium and iodine from the
Chernobyl accident using the DREAM model. Atmos. Chem. Phys. 2, 397-417.
Jylhä K 99 Empirical scavenging coefficients of radioactive substances released from Chernobyl Atmos. Environ. 25A,
263-270.
Kasper A., Puxbaum H., Brantner B., Paleczek S. [1998] Scavenging efficiency of lead and sulfate in supercooled clouds at
Sonnblick, 3106 m a.s.l., Austria. Atmos. Environ. 23, 3967-3974.
Okita T., Hara H and Fukuzaki N. [1996] Measurements of atmospheric SO2 and SO4 , and determination of the wet
scavenging of sulfate aerosol for the winter monsoon season over the sea of Japan. Atmos. Environ. 30, 3733-3739.

Penner J.E., Atherton C.S., Dignon J., Ghan S.J., Walton J.J. and Hameed S. [1991] Tropospheric nitrogen: A threedimensional study of sources, distributions, and deposition. J. Geophys. Res. 96(D1), 959-990.
Ragland K.W., Wilkening K.E. [1983] Intermediate-range grid model for atmospheric sulfur dioxide and sulfate
concentrations and depositions. Atmos. Environ. 17, 935-947.
Scott B. C. [1982] Theoretical estimates of the scavenging coefficient for soluble aerosol particles as a function of
precipitation type, rate and attitude. Atmos. Environ. 16, 1753-1762.
Walton J.J., MacCracken M.C. and Ghan S.J. [1988] A global-scale Lagrangian trace species model of transport,
transformation, and removal processes. J. Geophys. Res. 93(D7), 8339-8354.

