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ABSTRACT

The standard gravity slide method of obtaining hay fever pollen counts is examined in relation
to the volumetric method. Scrutiny of calibration data in the light of weather information
reveals three interesting weather-related sequences of pollen concentrations. The gravity slide
counts appear to represent the pollen concentrations quite poorly.

1. Introduction
H E annual siege of sniffles and sneezes of
some five to eight million United States
citizens, the victims of hay fever, is a subject worthy of serious study on a scientific basis
and on a substantial scale. Although the hay
fever problem is very old as attested by Daniel
Webster's complaints documented by Barker [2],
William Scheppegrell's paper [28] represents the
beginning of a scientific organization of pertinent
thought and the first step in the application of
physical principles for the purpose of obtaining
adequate observations. A number of workers
have contributed to the field since 1917, but unfortunately, since Scheppegrell, very little development of the physics of air sampling has entered
the medical literature. This is, therefore, a field
of great potential for the application of the special
knowledge of the meteorologist.

T

Durham [14] has presented a review of work in
the field of which he was aware. Since this review comprises a chapter of one of the principal
standard medical reference works on allergic disease, it represents the view that the medical profession has had of this field to date. Meteorologists
are, of course, aware of the theoretical contributions of Schmidt [29] and Rombakis [27] which
are directly applicable to airborne pollen transport.
Jacobs' [22] discussion of the factors affecting
atmospheric distribution of micro-organisms and
Bergeron's [3] treatment, based on Schmidt's
theory, of the spore and pollen-dissemination process are also well-known to meteorologists. The
empirical-theoretical developments of Sutton [30,
31] and of Bosanquet and Pearson [5] projected
upon Taylor's [32] statistical model of atmospheric turbulence are also familiar to meteorologists working with atmospheric pollution prob1 Paper No. 1 on Topics in Applied Meteorology from
the Meteorological Laboratory, University of Michigan,
Ann Arbor, Michigan.

lems. Additional work of interest is the extensive
field experimentation and analysis of Rempe [26]
and the highly competent work of Gregory [17,
18, 19] wherein the existing theories have been
applied to biological problems. More recent publications include a review paper by Hewson [21],
Elder's [15] thesis based on field work with ragweed, Dingle's [9, 10, 11] articles, and the papers
on sampling method by Gurney and Cryst [20]
and Cryst, Gurney and Hansen [8].
It is the objective of this article to discuss the
measurement of pollen concentration as it has been
done, and standardized by the Committee on the
Standardization of Pollen Counting Techniques,
American Academy of Allergy [7], and to scrutinize one test of the standardized sampling method
in the light of available volumetric comparisons
and meteorological data.
2. Pollen Counts
One of the basic ideas in the study of hay fever
sickness is that hay fever symptoms are more or
less directly proportional in their intensity to the
pollen intake of the patient [12]. The pollen intake depends on the amount of air breathed by
the patient and therefore the intensity of symptoms should be proportional to the number of hay
fever pollen grains per unit volume of atmosphere
in the vicinity of the patient. Thus, ideally, volumetric measurement of the number of pollen
grains present should be made; however, techniques for doing this have until recently required
elaborate equipment and a large amount of time.
Thus it has appeared not feasible to set up a large
scale routine program of making volumetric counts
of pollen in the atmosphere. As a consequence,
volumetric counts have been made only in connection with specific research experiments of one kind
or another. It is pertinent to mention at this
point that one needs to measure as few^ as twenty
pollen grains per cubic, yard of air.
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The gravity slide method.—There is, therefore, a number of reasons why, in the study of
this problem, the broadly accepted method of
counting pollen has been the "gravity slide" technique. This may be partly related to the fact that
most clinics have microscope slides handy at all
times and it is convenient simply to coat a microscope slide with a sticky substance and expose it
to the atmosphere for a while and see what it
catches. Until relatively recently the accepted
field practice has been to expose such gravity slides
more or less indiscriminately in relation to local
obstructions and air currents. The result has been
that a large bulk of gravity slide data have been
recorded, but the weather factors affecting these
counts are so many and so varied as to make
them almost hopelessly inhomogeneous. In 1946,
the Committee on the Standardization of Pollen
Counting Techniques of the American Academy
of Allergy published specifications for a standardized gravity sampling device and for its exposure
to the atmosphere. Fig. 1 shows the standardized
gravity slide exposure device. The two stainless
steel disks are nine inches in diameter and are
placed three inches apart. The coated gravity
slide is placed in a horizontal position on axis
one inch above the lower disk. Recommendations on the method of exposing this device have
also been made; for example, it is recommended
that the device be exposed in the middle of a large
expanse of flat roof area without obstructions to
the horizontal wind field.

FIG. 1. Standard gravity slide exposure device.

Calibration of gravity counts.—Although this
represents an improvement in atmospheric pollen
sampling technique over that which had been
used, there are still serious difficulties with the
method. This fact is indicated by the calibration
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data of Durham [13] and Gilbert [16]. In these
two studies volumetric counts of pollen were made
simultaneously with the standardized gravity slide
counts. As a result of his experiments, Durham
states that the volumetric count, expressed as the
number of pollen grains per cubic yard, can be
obtained from the gravity slide count by multiplying the latter by a factor of 3.6. Gilbert essentially
supports this conclusion; however, the individual
values of this factor in the two pieces of work
range all the way from 1.1 to 12.9 and in very few
cases does 3.6 actually work.
Meteorologically speaking, there are many reasons why the gravity slide count cannot adequately
represent the volume incidence of pollen in the
atmosphere. It is true that in a measure, other
things being constant, the gravity slide count
should be directly proportional to the volumetric
count. However, other things are not constant
and this must be accounted for. Such factors as
the local wind speed and direction in the vicinity
of the gravity slide would appear to be quite important. Local turbulence near the mounting and
local heating of the mounting by direct sunlight
must introduce small convective currents which
would have a considerable effect upon the gravity
slide catch.
In addition there remains the very important
question: How uniformly are the pollen grains
dispersed through the air ? It is doubtful whether
any program of research would make it possible
to adequately evaluate a single conversion factor
for determining volumetric counts from the standardized gravity slide counts. However, it would
seem that part of the variability of the conversion
factor might be provided for in some measure by
means of a regression equation which would include local micrometeorological parameters. Such
a relationship must be established empirically by
the simultaneous collection of standardized gravity
slide data, correct volumetric counts of pollen, and
complete meteorological observations. Such data
have never been taken in any single research effort.
Gilbert's calibration data.—The value of such a
collection and coordination of pollen and weather
data is suggested by careful examination of Gilbert's data in the light of meteorological information obtained from file maps. Fig. 2 shows a
selection of curves derived from these data. Note
that there are two curves of gravity slide pollen
counts, b and b'. These are respectively the
"standard gravity slide counts" obtained by 24hour exposure of gravity slides in the standard
mounting, fig. 1, and the "calibration gravity slide
counts" obtained by exposure of gravity slides in
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the influence of weather is better considered in
terms of weather events or sequences which usually involve changes of several parameters. Three
specific types of weather sequence are worthy of
discussion in connection with Gilbert's tests.
Progressive pollution terminated by cold front.
—The first of these is the sequence of high pollen
counts (curve a) on August 28, 29, 30 and 31
approaching to and receding from the extreme
maximum of 10,085 pollen grains per cubic yard
on August 30.
During this period, curve c dropped progressively. Reference to additional data reveals the
following significant information.
1. Between August 27 and 28, the wind increased in
speed from a maximum (average for fastest hour) of 12
mph to one of 17 mph from the South, while the relative
humidity remained low, near 40 percent.
2. From August 28 to 29, the wind speed increased to a
maximum of 19 mph, still from the South, and the relative
humidity rose to about 65 percent.
3. On August 30, a cold front characterized by a line of
violent thunderstorms passed the station at noon, the wind
changed to North and dropped off to 16 mph. Rainfall
of 0.50 inch was recorded.
4. On August 31 the wind remained in the North and
increased slightly to 17 mph. The next day the wind
dropped to 10 mph.
FIG. 2. Gilbert's [16] pollen counts and related weather
data: a. number of pollen grains per cu. yd. of air; b.
number of pollen grains per cm2-day (standard gravity
slide method) ; b'. number of pollen grains per cm2 in
same time periods as volumetric counts, a (using standard
gravity slide mount) ; c. the estimated mean lapse rate
through the lowest 10,000 ft of the atmosphere in degrees
F per 1000 ft; h. 24-hr. accumulated rainfall in inches;
and k. the ratio a/b', i.e., the factor required to get the
volumetric count, a, from the standard gravity slide count
for the same time interval, b'.

the standard mounting, but for a time period the
same as that used for the volumetric counts, which
was usually about 9:00 am to 1:00 pm. Therefore the latter (b') values are used to compute
the conversion factor k(=a/br).
Clearly k, in
the figure, is not constant.
Only two of the meteorological variables are
shown out of many that were evaluated from file
data. Ordinarily one should expect the lapse rate
(curve c) to be a primary factor in determining
the pollen counts. Actually, partly because it is
only an approximation taken from file data, and
partly because other factors enter prominently,
curve c is not very similar to curve a. Obviously
it is not sufficient to study only one weather
parameter. From the meteorological viewpoint

This is a familiar sequence of summer weather
which is more or less closely repeated many times.
It is the sequence of cumulative pollution of the air
terminated by a flushing-out of the dirty air and a
replacement of it with clean air following a cold
front passage.
The behavior of the gravity slide counts during
this period is interesting. They achieved their
maximum on August 28 (curve b), falling slightly
on the 29th and then precipitously to a minimum
on the 30th. This minimum corresponds in time
to the extreme maximum volumetric sample and
to the 0.50 inch frontal rainfall. There seems little reason to suspect the volumetric sampler of
falsification in this case. Without having examined the exposure and the instruments carefully
it is not possible to be certain of the error diagnosis, but it is apparent that the combination of heavy
rain with strong gusts which accompanied the cold
frontal thunderstorm could have affected the gravity slide count. The more moderate wind on the
31st in combination with the high pollen concentrations indicated by curve a apparently produced
an increase of the gravity slide catch for that day.
The gravity sampler and the volumetric sampler
finally came into agreement again on September 1,
both reporting minima.
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The effects of rain alone.—The second sequence
is that of September 5, 6 and 7, when a dissipating
hurricane from the Gulf of Mexico provided an effective rain without an accompanying change of
air mass. The rain began on the Sth just before
midnight, so it had no effect on the pollen count
of that date. On the 6th scattered very light rain
totaled 0.03 inch, and no material change in the
pollen count was produced. On the 7th the rainfall totaled 0.21 inch and the pollen count dropped
from 464 to 278 pollen grains per cubic yard.
In considering the effects of rain-washing of
particulate clouds, Chamberlain [6], using Langmuir's [24] collision efficiencies and Best's [4]
raindrop spectra, finds that the attrition of a
cloud of Lycopodium spores is 0.03 percent per
second in a rainfall of 1 mm per hour. The
Lycopodium spores are very similar to ragweed
pollen grains as far as sedimentation and impaction
characteristics are concerned. The observed attrition in the present case is much less than that
obtained using Chamberlain's estimate but this
may be attributed to the lower rainfall rate in the
present case, or to wind. The wind speeds during
this period (average for fastest hour) varied from
18 mph on the 5th, to 16 mph on the 6th and to
17 mph on the 7th and 8th. These speeds are apparently adequate to lift dry pollen grains into
the air stream from the ground or other surfaces.
It is not known whether the rain stopped at such
times that drying and wind-lifting of pollen deposits could have taken place on the 7th.
During this period an anomaly is observed in
the behavior of the gravity slide counts, particularly their marked increase from the 6th to the
7th. In the light of the volumetric counts' decrease and the precipitation record (light more or
less continuous rain for most of the period in contrast to the heavy rain of 30 August), it appears
that the gravity slide samples were influenced
quite strongly by rainborne pollen grains. This
occurrence re-emphasizes the need for more complete understanding of the mechanisms whereby
pollen grains become and remain impacted upon
the standard gravity slides, and for specific study
of the role of rainfall of various intensities, if indeed the gravity method is to serve as a means of
estimating pollen concentrations.
An abrupt increase of wind speed.—Between
10 and 11 September, the volumetric pollen count
was more than doubled. Curve c shows very little lapse rate change between these dates, but study
of additional weather data shows an increase from
a maximum wind speed of 14 mph on the 10th to
a maximum of 21 mph on the 11th. No material
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change of humidity, sunshine or wind direction is
noted. A rise of maximum temperature from 70F
on the 10th to 78F on the 11th is recorded. Because pollen production by ragweed this late in the
season is very low, generally speaking, it is reasonable to infer that this increase of airborne pollen concentrations came mainly from ubiquitous
surface deposits. One may conclude therefore
that the change of wind speed is primarily responsible for the increased pollen count. In this
case the gravity slide counts varied almost exactly
parallel with the volumetric counts. In this type
of situation it appears that the gravity slide does
give a reasonable representation of the volumetric
pollen concentration. It is not possible to say to
what maximum wind speeds this parallelism would
persist. One suspects that strong and gusty winds
would tend to reduce the gravity slide catch below
the parallel curve. Because the gravity slide
counts do vary similarly with the volumetric counts
in this period, the ratio k, which corresponds to
Durham's conversion constant, changes quite
sharply. Hence, during periods when the gravity
counts appear actually to represent the volumetric
counts, the constant conversion factor tends to
destroy the representation.
3. Discussion
As regards the measurement of pollen concentrations in the air, there can be no question that
the volumetric method offers the only acceptable
standard of reference. T o the extent that the
standardized gravity slide counts of pollen can be
resolved with simultaneously collected volumetric
samples by proper consideration of weather observables, and to this extent only, the gravity slide
count may prove to be useful as a very rough
relative measure of atmospheric pollen concentration. It is evident from both Durham's own work
[13] and that of Gilbert [16] that no simple
equivalence between standardized gravity counts
and actual concentrations exists.
In considering the meteorological variables in
conjunction with Gilbert's data on ragweed pollen,
a number of significant relationships appear to
hold. Further study and more detailed information will be required to establish these firmly.
One point appears to be consistently shown by the
first and third examples studied, and this has to
do with the effect of wind. There is a strong indication that quite suddenly, in the vicinity of
15 mph, the wind becomes effective in lifting large
numbers of pollen grains into the principal air
streams. These particular counts were made on
the roof of a building some 60 feet above the
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ground. It therefore appears quite possible that
the "critical" pollen-lifting wind speed for this
elevation is higher than that required to contaminate the air heavily at normal breathing level.
This possibility merits further study.
Regarding "critical" wind speeds, Bagnold [1]
reports that a wind of 11 mph, measured 10 cm
above a sand surface, starts movement of the sand
grains. Landsberg and Riley [23] observed that
a wind of 8 mph, measured 5 cm above the surface
of a western Michigan sand dune, produced movement of the sand grains. These wind speeds
would normally correspond to a macrometerological wind of at least 15 mph. Similar threshold
effects appear to have been quite generally observed as attested by the land observer's specification for Beaufort force 4 wind [ 2 5 ] . T h e fact
that these variously observed threshold wind
speeds are very nearly the same regardless of the
particles considered suggests that the "critical"
point is associated with the breakdown of the surface boundary layer rather than with the aerodynamic properties of the particles concerned.
Clearly, the material reported here represents
only the most superficial treatment of some problems of ragweed hay fever research that might
profitably be examined by meteorologists. A s a
realm of applied meteorology, this represents at
once a wide-open and potentially fruitful field for
research, and a field which may very well contribute substantially to the prevention and relief
of hay fever disease.
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