
A REVIEW: DEPOSITION AND RESUSPENSION PROCESSES 

G. A. Sehmel 

A review chapter was written on deposition and resuspension processes for the forthcoming 

Department of Energy publication, Atmospheric Sciences and Power Production, edited by 
D. Randerson. The chapter includes eleven tables and thirteen figures summarizing data from 

241 references. The conclusions of that review chapter are given. 

Mass transfer across the air-surface is 
important for all toxic materials, regard
less of their size. If these materials are 
respirable, predicting the concentrations 
that might potentially be inhaled is cru
cial. These concentrations can be calcu
lated from atmospheric diffusion and 
transport models that include a boundary 
condition for mass transfer across the air
surface interface. The problem is that 
many of these models either have not been 
validated (Crawford et al. 1978) or have 
been validated only under limited condi
tions. Models have not been validated, for 
instance, for the case of significant air
surface mass transfer. Once these models 
are validated, deposition velocities and 
resuspension rates will be available. 

Though many experiments have been con
ducted and theoretical models developed to 
predict the effects of particle and gas 
deposition since the literature was reviewed 
in Atomic Energy--1968 (Slade 1968), our 
abil ity to predict surface mass-transfer 
deposition rates from those field experi
ments has not improved significantly--with 
one exception. A model developed from many 
laboratory experiments developed by Sehmel 
and Hodgson (1978) so improves our capabil
ity to predict deposition velocities that 
it should be used until more refined and 
definitive experiments are completed. 

Accurate predictions of surface deple
tion of airborne pollutant plumes from 
anthropogenic sources require that the best 
available estimates for dry deposition 
velocities be used. However, the relative 
significance of dry deposition is being 
appreciated only in the recent literature. 
Earlier deposition experiments focused 
on the wet removal of nuclear fallout 
debris from the stratosphere rather than on 
dry deposition near ground level. The 

2.1 

fact that fallout is removed primarily by 
wet deposition has over-shadowed a more 
important consideration: the key role of 
pollutant-release height in determining the 
relative effectiveness of dry versus wet 
removal processes. Since most energy 
sources release pollutants near ground 
level, studies of dry deposition may be 
more significant than studies of wet depos
ition in predicting the removal of pollu
tants from the atmosphere. 

Inadequately controlled experimental 
variables limited early field experiments. 
As a result, most field-determined mass
transfer data should be interpreted with 
qualification. The deposition velocities 
determined in these field experiments 
ranged from 10- 3 up to 20 cm/sec, a range 
also predicted by Sehmel and Hodgson's 
empirical model (1978). 

The model predicts deposition velocities 
as a function of particle diameter, friction 
velocity, aerodynamic surface roughness, 
and particle density. These predictions 
emphasize that the distribution of pollutant 
particle size must also be known. The 
model predicts a minimum deposition velocity 
of 0.025 cm/sec. For smaller particles and 
gases than these with minimum deposition 
velocity, deposition velocities increase 
because of B~ownian diffusion. For larger 
particles, deposition velocities increase 
because of gravity-settling and eddy diffu
sion. 

Resuspension, the other mass-transfer 
process discussed in the chapter, has been 
receiving increasing attention within the 
last several years, as is evidenced in the 
1974 conference proceedings (Engelmann and 
Sehmel 1976) that consider both resuspen
sion and dry deposition. Resuspension can 
be a continuing problem after toxic materi
als are deposited on environmental surfaces. 



Once the materi ali s on the ground, it wi 11 
be recycled into the atmosphere and inhaled 
by man. The chapter demonstrates that 
resuspension physics is so poorly defined 
that much research is needed. 

One problem is that resuspension coef
ficients have not been adequately defined. 
One resuspension coefficient relates air
borne concentrations to local surface
contamination levels, but does not describe 
either the vertical flux from resuspension 
or the total downwind flux. Any calcula
tion using an "average" resuspension factor 
must be qualified as uncertain within 2 to 
3 orders of magnitude because resuspension 
factors, which cannot be predicted, have 
ranged 2 to 3 orders of magnitude even 
in a single field experiment. The second 
resuspension coefficient describes the 
fraction of material resuspended per unit 
time. Using this coefficient, if the 
surface contamination level is known, the 
vertical flux from resuspension is the 
product of resuspension rates and source 
concentrations. Resuspension rates mea
sured for both wind and mechanical stresses 

indicate that mechanical stresses can cause 
more material to be resuspended at one time 
than can wind, but that effect is short
lived because mechanical stresses usually 
last over less time and space. 

Deposition and resuspension research 
results are equally applicable to pollutants 
from both nuclear and nonnuclear energy 
sources. Differences in these air-surface 
mass-transfer processes cannot be distin
guished as a function of chemical properties. 
Dry deposition can be predicted as a func
tion of particle size, but resuspension 
cannot. 

Experimental deposition and resuspension 
research results are needed to define these 
transport and mass-transfer processes more 
adequately. In future studies of these 
processes, the experiment conditions and 
experimental techniques must be controlled 
and defined, and theoretical interpretation 
of the results validated. Model and experi
mental validation are the crux and require
ment for future research of air-surface 
mass-transfer processes. 

INERT TRACER WIND RESUSPENSION AS A FUNCTION OF 

WIND SPEED, ATMOSPHERIC STABILITY, AND INITIAL 

TRACER PARTICLE SIZE 

G. A. Sehmel and F. D. Lloyd 

Wind-caused resuspension rates are being determined in three different, long-term, inert
tracer field experiments. Chemical results were recently received from an accumulated backlog 
of air filter samples. Resuspension rates are yet to be calculated from these data. 

Wind and mechanical stresses can resus
pend respirable pollutant particles from 
environmental surfaces. Subsequently, 
resuspended pollutants can become a concern 
downwind. Although resuspension is known 
to occur, resuspension physics cannot be 
adequately described, either for predictive 
resuspension rate models or for airborne 
concentration at breathing height above a 
resuspension source. General predictive 
models describing physics for environmental 
surfaces would be even more complex than 
models describing resuspension of a single 
particle from a smooth, uniform surface. 
Environmental surfaces can be described as 
being generally nonuniform. Resuspension 
rates are thus required that represent an 
integrated value over the geometry and 
vegetative cover of many different, 
reasonably uniform terrain types. 

2.2 

The present study is directed toward 
determining resuspension rates averaged 
over 7.5- to 30-m resuspension fetches at 
three locations at the Hanford site (Sehmel 
and Lloyd 1978). The resuspension tracer 
at each location is an inert tracer, calcium 
molybdate, which has been deposited at a 
controlled surface contamination level. 
Subsequently, wind-resuspended tracer is 
collected in particulate air samplers 
located on sampling towers. In each 
experiment, particulate air-sampling 
equipment is placed in locations to permit 
calculation of a resuspended tracer mass 
balance. From this mass balance, resus
pension rates are determined as a function 
of wind speed increments. 

In two experiments, the sampling tower 
is located at the centers of two circular 


