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In considering the balance between addition
and removal of any atmospheric constituent, it is
helpful to have in mind at least a rough estimate
of the mean atmospheric residence time for that
particular constituent. For instance, the mean
residence time of atmospheric water vapor is
casily shown to be about 10 days; that for radio-
active particles injected into the troposphere by
nuclear explosions is now known to be about twice
to three times that length of time; that for carbon
dioxide 1s some half-dozen years; etc. The pur-
pose of this note is to point out that available data
can be used to obtain a similar weighted-mean
estimate of the average residence time T for pol-
lutant particles released into the atmosphere over
urban-industrial areas. T proves to be of the
order of only half a day.

Data on the so-called “dustfall rate” D have
been gathered and published for industrial areas
for many years. More recently, high-volume
samplers, using filters capable of trapping all par-
ticles down to diameters of a few tenths of a
micron, have been operated routinely in many
American cities to obtain data on the mass con-
centration C of such airborne particulates.

By the nature of )-measurements, the observed
values represent the integral effects of fallout of
particulates of a wide variety of sizes descending
from all altitudes up to some rough upper height-
limit of appreciable contamination. Data on the
vertical distribution of C are scanty, but we will
probably not be seriously in error to assume that
C varies roughly as does the distribution of Aitken
nuclei and other submicron particulates. Penn-
dorf (1954) has presented a summary of vertical
distribution data for such particles, from which
one may conclude that the distribution is ex-
ponential with an ¢ height of about 1 km. This
is in fair accord with the nuclei distribution data
of Sagalyn and Faucher (1956), and will be used
here.  Although both references indicate uni-
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formity of particulate concentration above an alti-
tude of the order of two or three kilometers, ig-
noring this feature will not alter any conclusions
drawn here, for we are concerned with the
columnar totals and these are insensitive to values
above a few kilometers. Integration, for an ex-
ponential distribution varying with altitude z as
exp(— z/h), with h = 10° cm gives, as the colum-
nar total mass of all particulates, 10°C,, where
C, is the surface concentration in units of gm
cm™,

If we assume a horizontally uniform distribu-
tion of D, C, and i over a wide enough area that
edge effects vanish, then the weighted-mean resi-
dence time T for all particulates satisfies the
simple relation

T=*kC,/D (1)

where & is a unit depending on the units employed.
Conventionally D is reported in units of tons/mi?
per month and C, in micrograms per cubic meter.
Hence if we wish to express 7 in hours, the ab-
solute magnitude of & must be very nearly 2.
Some representative ) values are summarized
by Faith (1959, p. 98). A very extensive tabula-
tion of C, values has recently been published by
the U. S. Public Health Service (1958). These
sources suggest, as values typical of large cities,
D = 30 tons/mi® per month, and C, = 150 X 10-®
gm/m® whence (1) yields T ~ 10 hours. This
result may seem fairly large, or very short, de-
pending upon one’s point of view. In either event,
the very important point to keep in mind in
placing an interpretation on 7T as estimated from
(1) is the fact that T is a weighted-mean residence
time, just as is, say, the 10-day figure for atmos-
pheric water vapor. Just as any given molecule
might be evaporated from the sea and reprecipi-
tated in a maritime storm within a time period
of only a few per cent of the weighted mean of 10
days, so also some industrial and urban pollutants
can be emitted and deposited on the ground or
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on some white shirt in only a very small fraction
of the above time T. On the other hand, those
particulates that are, by chance, turbulently dis-
persed to altitudes of the order of a kilometer are
destined to be removed chiefly by scavenging ef-
fects of precipitation processes, whence their in-
dividual residence times must approach those re-
cently ascribed to radioactive particulates, i.e.,
something like a month. To repeat, T is, by
definition, an average over all of these times
simply because D is made up of contributions from
fallout particles having a wide variety of histories.

Although it is a reasonable suspicion that T is
overestimated by use of the assumption that C
falls off with height no more rapidly than do
concentrations of submicron-size particles, it does
not seem likely that (1) fails to yield the proper
order of magnitude of 7. However, the validity
of T, as so estimated, is increased by restricting
its application only to large urban-industrial com-
plexes that best fit the tacit assumption that dust-
fall and pollution are quasi-uniform over distances
of the order of the wind-drift displacement of
particulates in time 7. An area such as greater
New York City may fulfill this requirement tol-
erably well. In highly industrialized sections of
that city, published data suggest D = 220 tons/mi*
per month, but we will probably match the as-
sumptions of (1) better if we used instead the
value found to be typical of the surrounding
urban-commercial sections, D = 80 tons/mi* per
month. The cited air-sampling reference gives
C, =200 x 10® gm/m® as an annual average
over several years for four sites in New York
City. Hence from (1) we find T =5 hours.
Using similar published data for the Detroit area
yields T =~ 2 hours. An intercomparison is of
rather dubious value since one cannot be certain
that available measurements of D and C, are
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equally representative in the two cities. But it
appears that one may safely conclude that T, in
large and heavily industrialized metropolitan
areas, may drop to as low as a quarter of a day,
or even less.

The important implication of such 7" estimates
is this: Compared with almost all other known
atmospheric residence times, 7 is surprisingly
short. Inasmuch as casual observation of the be-
havior of smoke plumes in cities gives convincing
evidence that a fairly significant portion of total
industrial effluent rises high enough to escape
deposition within the confines of the surrounding
metropolitan area, the quite small values found
for T clearly imply that this escaping component
of long lifetime is complemented by another
equally significant portion that must have ex-
tremely short residence time in order that the
weighted average shall be held to only a fraction
of a day. This latter short-lifetime component is
inevitably the coarser fraction of the particulate
effluent (fly-ash, etc.). The chief value of T
values as estimated from (1) is that they con-
dense into a single figure, in a simple manner,
important information concerning the average
time-scale of a complex set of processes governing
the atmosphere’s gains and losses of particulate
pollutants.
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