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List et al. (1) report a "cause-and- 
effect relationship between the penetra- 
tion of thunderstorms into high con- 
centrations of nuclear debris in the 
lower stratosphere and the subsequent 
amount of iodine-131 in milk." I write 
primarily to point out a possible mech- 
anism, on the basis of observations 
made in May 1962, for direct tapping 
of debris from the lower-stratosphere 
reservoir. It should, however, be clear 
that torrential rains are fully capable 
of concentrating the debris contained 
by tropospheric air by the selfsame 
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convergent-flow mechanism that serves 
to concentrate water substance local- 
ly to form such rains. Therefore I do 
not wish to enter into controversy (2) 
as to the source of the observed iodine- 
131 contamination of milk. 

Basically, the scavenging of strato- 
spheric debris by rain is a logistics 
problem which requires that certain 
conditions be fulfilled in succession: 

1) The radioactive particles must be- 
come attached to or contained in rain- 
drops. 

2) They must at some time be 
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brought into close proximity to ade- 
quate water substance as vapor, liquid, 
or ice. 

3) There must be an active mixing 
process between (i) the stratospheric 
(hence dry) air that contains the radio- 
active particles; and (ii) tropospheric 
air which contains sufficient water sub- 
stance to produce rain. 

4) The particles to be scavenged 
must have size and mass appropriate 
for the envisioned collection process. (i) 
For diffusive collection by cloud drop- 
lets they must be of size comparable to 
the stratospheric aerosol but they must 
then be associated with the cloud drop- 
lets for an extended time, and in a 
part of the cloud which converges to- 
ward the rain generating region. (ii) 
For impact collection by raindrops 
(washout), they must be very large, by 
10 to 50 times, compared to the strato- 
spheric aerosol. 

For the production of rain, the flux 
of moist low-level air through a hori- 
zontally convergent system requiring 
uplift, condensation, and storage of 
condensed water in a cloud mass is 
necessary. All such flow systems in 
nature are characterized by a diver- 
gence of the processed air above the 
level of water storage. To the extent 
that the generation of rain character- 
izes a developing and strengthening 
cyclonic storm, the divergence aloft 
must remove a larger mass of air from 
the storm center than that which low- 
level convergence brings in. The tops 
of most rain-producing storm systems 
are therefore in the divergent flow, and 
cloud particles present at these levels 
are not likely to become associated 
with the precipitation particles. They 
are rather more likely to move away 
from the raining system aloft and evap- 
orate downstream, leaving behind ag- 
gregated nuclei suitable for the genera- 
tion of rain in a subsequent storm. 

In particular, convective storms are 
characterized by horizontal divergence 
in their tops, which is more or less 
proportional to the intensity of their 
development. Since only the most in- 
tense are expected to penetrate the 
lower stratosphere, these are particu- 
larly divergent in their uppermost levels. 
Stratospheric debris collected by the 
cloud particles that penetrate to these 
levels is therefore not well located for 
incorporation in the rain produced at, 
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Stratospheric Tapping by Intense Convective Storms: 

Implication for Public Health in the United States 

Abstract. The observation of a cloud-free vortex in the top of a violent convec- 
tive storm over Oklahoma suggests a mechanism whereby large quantities of 
air may be brought directly from the lower stratosphere to the lower troposphere 
in the central part of such storms. That this mechanism, in combination with 
the torrential rains frequently generated by these systems, is capable of producing 
radioactive "hot spots" on the ground is pointed out. Climatological considerations 
and observations of accumulated strontium-90 in soils support the hypothesis 
that the Plains States are peculiarly subject to heavy contamination compared 
to other middle-latitude areas because of this mechanism. 
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posed whereby convective clouds may 
entrain air from their environments as 
they grow (3). These serve mainly to 
dilute the clouds with slightly drier 
tropospheric air, and each has im- 
portant limitations for the required 
transfer of stratospheric debris to the 
rain-generating region. The mechanism 
suggested by Squires (4), on the other 
hand, provides for the downward pene- 
tration of dry air entrained on the top 
of a cloud by virtue of instability in- 
duced by evaporative cooling. Although 
this mechanism might bring strato- 
spheric air into the rain-generating re- 
gion of convective storms, whether its 
effect could be large enough to explain 
the observations reported (1) is dubious. 
In addition, the observed pattern of 
radioactive content of rain samples 
from strong convective storms (5) is 
usually quite different from that which 
must result from the broad process of 
cloud-top entrainment operating in a 
uniform debris reservoir. 

Fortunately, the midwest storm of 
24 May 1962, which is one of those 
mentioned (1), has been observed and 
studied in some detail; unique findings 
for this storm are available. Not only 
did it breed tornadoes, but one of 
these passed directly over the meteor- 
ological recording station at Newton, 
Kansas. A careful study of the aspects 
of this storm at low levels has been 
reported (6). 

In addition, a different subsystem 
of this storm was viewed and photo- 
graphed from above by a U-2 air- 
craft (Air Force Cambridge Research 
Laboratory) flying at an altitude of 
about 19.5 km (7). The composite of 
the photo reconnaissance shows a cloud- 
free vortex of about 6.5 km (3.6 nau- 
tical miles) diameter at 15.3 km. Photo- 
grammetric rectification and radar cross 
sections indicate that the vortex ex- 
tended and tapered down to a diam- 
eter of about 1.85 km (1 nautical mile) 
at 12.0 km. 

There is a meteorological analog, 
which is pertinent, in the known struc- 
ture and behavior of a hurricane (8). 
It is well known that the upper central 
part of a hurricane vortex is a region 
of strongly descending air. A similar 
effect is noted in laboratory-simulated 
vortices (9). The production of this 
effect appears to depend upon a very 
high degree of organization of the con- 
vergent and upward moving air cur- 
rents and an associated organizing 
effect upon downward convection in- 
itially of the type described by Squires 
(4). It is conceivable that relatively 
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few intense convective storms are capa- 
ble of achieving this degree of organi- 
zation. 

In any case, the observation of the 
upper vortex suggests a powerful mech- 
anism for drawing the radioactivity- 
laden air from the lower stratosphere 
directly into such a well-organized 
storm system. This air should be ex- 
pected to descend well into the lower 
troposhere in the central vortex down- 
draft. At levels below 1.5 km or less, 
the downdraft should tend to be de- 
stroyed by the lower boundary condi- 
tions, and a divergence into the periph- 
eral updraft, with consequent mixing 
of the stratospheric air into the rain- 
generating cloud, should be expected. 
The stratospheric aerosol would then 
be so placed as to be efficiently scav- 
enged by both the diffusive and the 
impact mechanisms. 

Quantitative evaluation of this mech- 
anism in terms of the amount of strato- 
spheric air it might bring directly into 
the rain-producing system must await a 
more complete analysis of the dynamics 
of such storms. Its potential for pro- 
ducing radioactive "hot spots" on the 
ground by the concentrated precipita- 
tion of stratospheric debris is obvious. 

In addition, climatological evidence 
indicates that this particular form of 
stratospheric tapping is not at all likely 
to be evenly distributed in middle lati- 
tudes. On the assumption that tornado- 
breeding storms are the most likely to 
display the required high degree of 
organization, reference may be made to 
existing data on tornadoes. The highest 
frequency anywhere in the world is 
found in the months of March to June 
over Oklahoma, Arkansas, Kansas, Ne- 
braska, and Iowa (10). Whereas storms 
that are called tornadoes occur in West 
Africa, India, and Australia, none of 
these tornadoes have the extreme de- 
velopment found in those of the Plains 
States (11). As a result, these states 
should be uniquely subject to the radio- 
active "hot spots" produced by these 
violent vortices and their associated in- 
tense rains if this mechanism operates 
effectively. 

Reports of the amounts of radioac- 
tive iodine in milk do not provide 
adequate information to test the hy- 
pothesis. This is true both because 
iodine-131 is a short-lived, and there- 
fore noncumulative, isotope and be- 
cause it may be carried to earth from 
either the stratosphere or the tropo- 
sphere. The accumulation of strontium- 
90 in soils is a better indicator because 
of its long life and its firm identifica- 

tion with the stratospheric reservoir. A 
recent report of strontium-90 accumula- 
tion in soils shows an impressive maxi- 
mum in an area nearly congruent with 
that of maximum tornado activity (12) 
in the United States. 

There is little doubt that atmospheric 
exchanges of much larger scale take 
place between the stratosphere and the 
troposphere, and that these probably 
account for a large fraction of world- 
wide fallout. The paucity of data on 
troposphere-stratosphere exchanges in 
polar and equatorial latitudes at pres- 
ent makes quantitative estimation of 
their effectiveness impossible. The 
"stratospheric extrusion" mechanism 
(13) of middle latitudes has been stud- 
ied by Reiter (14) who has estimated 
that it could do the entire stratospheric 
cleansing job without the help of other 
exchange mechanisms. Although this 
is obviously an overestimation, it is 
indicative of the relative significance 
of the larger-scale atmospheric proc- 
esses. It is noteworthy that this over- 
estimation is based upon studies of 
Danielsen's (13) mechanism over the 
United States. The implication that this 
mechanism is less effective over the 
rest of the middle-latitude belt of the 
Northern Hemisphere should not be 
overlooked. 

Taken together, then, one should 
expect a broad and relatively even earth 
contamination by fallout attributable 
to the large-scale exchange processes, 
upon which are superimposed fallout 
components attributable to progessively 
more localized processes, the most in- 
tense of which, for stratospheric debris, 
may be that of direct tapping of the 
lower stratosphere by highly organized 
and intense convective storms. The last, 
because of its ability to concentrate 
radioactivity in "hot spots," constitutes 
the greatest health hazard, and is 
peculiar to a limited but agriculturally 
important part of the United States. 

Modern conventional techniques for 
observing weather, complemented by 
appropriate radar monitoring of the 
severe storm situations of the Plains 
States, might readily give initial indica- 
tions of the locations of such radio- 
active "hot spots." More specific identi- 
fication of the areas affected could be 
made by prompt field checks which 
would then serve as a basis for segre- 
gating the "hot farms" from the rest 
of their respective milksheds or 
produce areas. The "hot" produce 
could then be separately processed 
so as to minimize the impact of 
its radioactivity upon human health. 
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Appropriate collaboration of the Weath- 
er Bureau, the Atomic Energy Commis- 
sion, the Public Health Service, and the 
Department of Agriculture in the de- 
velopment and use of such preventive 
procedures could thus provide real safe- 
guards for our populace. 

A. NELSON DINGLE 

Department of Meteorology and 
Oceanography, University of Michigan, 
Ann Arbor 
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Microelectrophoresis with 

Alternating Electric Fields 

Abstract. Electrophoretic mobility of 
microscopically visible particles is mea- 
sured from photographs of their os- 
cillatory migration in a low frequency 
electric field. The measurements are 
inherently free of gravitational or ther- 
mal-convective drifting. Many mea- 
surements may be made from one 
photograph. An automatic timing cir- 
cuit insures reproducibility and deter- 
mines the sign of the particles' charge. 

A method, which is free of drift, for 
measuring the electrophoretic mobility 
of microscopically visible particles has 
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Microelectrophoresis with 

Alternating Electric Fields 

Abstract. Electrophoretic mobility of 
microscopically visible particles is mea- 
sured from photographs of their os- 
cillatory migration in a low frequency 
electric field. The measurements are 
inherently free of gravitational or ther- 
mal-convective drifting. Many mea- 
surements may be made from one 
photograph. An automatic timing cir- 
cuit insures reproducibility and deter- 
mines the sign of the particles' charge. 

A method, which is free of drift, for 
measuring the electrophoretic mobility 
of microscopically visible particles has 
been developed. In a cell of simple 
design, the suspension of particles is 
exposed to an alternating, electric field 
(1 to 10 cy/sec). Particles having a 
net charge experience a force varying 
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with time. The resulting movement of 
the particles is photographed in such a 
way that the mobility can be calculated 
from measurements on the photo- 
graphic record. 

In the d-c method of microelectro- 
phoresis, particles, suspended in a 
liquid and subjected to a d-c electric 
field, are observed microscopically as 
they move a measurable distance in a 
fixed length of time, say 5 seconds. 
However, the same displacement may 
be due partially to gravity or to ther- 
mal convection in the liquid. The ther- 
mal convection is caused by drafts in 
the room, insufficient thermal equilibra- 
tion of the apparatus, or uneven heat- 
ing of the sample by the microscope 
lamp. At best, the d-c method requires 
many serial measurements, each on 
one particle, to obtain a consistent 
average. 

In the a-c method of microelectro- 
phoresis, problems of drifting are obvi- 
ated by measuring the amplitude of the 
particle's oscillatory migration in an 
alternating electric field. Gravitational 
and thermal drifts, being nonoscilla- 
tory, do not contribute to the quantity 
being measured. Observation is made 
photographically, so that measurements 
for many particles may be obtained 
from one picture. 

At the low frequencies used, 1 to 10 
cy/sec, forces of electric origin are 
very large compared to inertial forces 
on micron-sized particles (1). There- 
fore, one may consider that the par- 
ticles instantaneously assume a velocity 
proportional to the time-varying, ap- 
plied electric field, E(t). Thus, if v(t) 
is the particle's velocity and x(t) is its 
displacement, 

v(t) = e(t) 
and 

x(t) = uf1(t) dt 

where , is the mobility. If E(t) - E 
sin wt, where E is the amplitude and 
o) is the angular frequency of the ap- 
plied, sinusoidal electric field, then 

x(t) - cos wt, 

where A -= AE/w, is the amplitude of 
the oscillatory migration. Thus 

t := wAA/E. 

The value of A is measured from 
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display the oscillatory migration on a 
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Fig. 1. Electrophoresis patterns of poly- 
styrene spheres (1 micron in diameter) 
subjected to 340 volt/cm, 10 cy/sec. The 
"artificial" horizontal component of the 
motion is the result of moving the stage 
of the microscope during the exposure. 
Each pattern has two "tails," since the 
field is applied for less time than the 
illumination. 

time base (Fig. 1). This artifice re- 
solves the motion into an oscillatory 
migration about a slowly drifting ori- 
gin, thus separating electric from non- 
electric migrations. 

The frequency of the applied voltage 
should be high enough to cause the 
particle to oscillate rapidly about an 
origin which may be slowly drifting. 
It should also be low enough to give 
a large, easily measured amplitude, 
A. When these requirements are bal- 
anced and E is kept small to minimize 
heating, frequencies between 1 and 10 
cy/sec are usually the most useful. 
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Fig. 2. Method for measuring amplitude, 
A, of a particle's alternating migration 
from the photographic record. 
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