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INTRODUCTION 

I 

N 1953 AND 1954, the Durham sampler was used in a survey of air-borne pollen 
grains and fungus spores made at thirty-five locations in New York State.’ 

At several of these locations, identical samplers of other agencies were operated 
nearby,. but at different heights, for sampling ragweed pollen. Comparisons of 
data revealed unexplained differences in ragweed pollen count. In general, 
the higher counts were obtained at the higher elevations. Since previous 
studies2-s had revealed high counts of pollen and spores at altitudes of several 
t.housand feet, and as routine sampling is conducted at varying eIevations, it 
seemed desirable to study the variation in ragweed pollen concentrations in the 
lowest few hundred feet of the atmosphere. To accomplish this, a coopera.tive 
project was undertaken by the State Botanist’s Office of the New York State 
Museum and Science Service and the Meteorology Group of Brookhaven Na- 
tional Laboratory. Field studies were begun during the 1955 pollen season at 
the Laboratory, which is located in central Long Island, New York. 

Sampling was conducted at eight levels, from 9 to 410 feet, on a 420-foot 
meterology tower, a triangular structure of open steelwork and constant dimen- 
sions from bottom to top. During analysis of the data, it was concluded that 
the sampling methods being used gave results that were influenced by a number 
of variables in addition to the concentration of ragweed pollen. Because of this, 
no conclusion was possible concerning the variation of concentration with height? 
but a number of experiments were initiated which were designed to give a lrettrr 
evaluation of the sampling methods. 

EFFECTS OF WIND DIRECTION ON SLIDES 

The 1955 sampling array included two Durham samplers mounted 2 feet 
apart on the railing at each of the eight tower levels. The mounting technique 
conformed with recommendations of the Pollen Survey Committee of the Re- 
search Council of the American Academy of Allergy.” One of each pair was 
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mounted with the long axis of its slide in a north-south position, and the other 
sampler was mounted with the long axis in an east-west position. The greased 
slides were changed daily at 0800 from August 22 to September 9. Fig. 1 sum- 
marizes the data from the samples at the various levels. 

Inspection of the pollen counts showed that at all levels the north-south 
(N-S) slide usually took more pollen than the east-west (E-W) slide. Through- 
out the sampling period, slide N-S took 9,226 grains, or 58 per cent of the total, 
while slide E-W took 6,628 grains, or 42 per cent of the total. Since wind di- 
rection was judged to be the only meteorological variable capable of producing 
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these results, an analysis of the hourly wind data taken during the period was 
made. The 355-foot direction was chosen as representative. For each day, the 
percentage of hours during which a wind came from each of the four quadrants 
was computed. The percentages from north and south were then added, as were 
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the percentages from east and west. For the period as a whole, north or south 
winds prevailed 53 per cent of the time and east or west 47 per cent,, which 
indicated t,hat the difference in pollen capture might bc related to the win(l 
direction. 

In 1956 the same slide orientation was repeated at each of four levels. 
Midway through the experiment,, the positions (but not the orientation) of the 
samplers at each level were reversed with no change in the trend. Once again, 
at all except, the top level, the N-S slides took considerably more pollen than the 
E-W slides beside them (Fig. 1) , while the X-S wind direction again predorni- 
nated. These data with respect to slide orientation are not in agreement wit II 
those reported by other investigators’O who found little caorrrlation bet,wecn 
placement and pollen capture, 

In order that the effect of slide orientation wit,h respect to wind dir&on 
might be investigated better, another experiment was conducted in 1.956. Pairs 
of Durham samplers were mounted on two wind vanes. One slide of each pair 
was placed with its long axis parallel to the vane; the other was placed with 
its long axis at right angles to the vane. Thus, slide L continuously had the air 
tlow over its length while slide C had the flow over its width. The vanes were 
mounted at 150 and 355 feet, and the slides were changed daily for a twenty- 
day period. On seventeen of the twenty days, higher count,s were obtained at 
both levels on the lengthwise (L) slides. As shown in Fig. 1, the total I, slide 
count was more than double that of the C slide at the 150-foot levtxl (a ratio of 
L’.:! to 1) and nearly three times as large (a ratio of 2.7 to 1) at 355 feet. 

In 1957 a further check of this effect was made. Two wind tunnels were’ 
constructed and mounted approximately 4 feet above the ground in an opc‘n 
field near the tower. Each tunnel was 30 inches in diameter and 9 feet in 
Itmg-th. Each had a two-speed fan mounted at one end to -provide suction, and 
a totalizing anemometer was mounted inside to record the total air passage. Ill 
(‘itch tunnel, a lengthwise and a crosswise slide were mounted and changed d;\il> 
for a thirteen-day period. The fan in tunnel 1 was run at its fast spe[ad, giving 
an average air flow of 8.0 m.p.h., while the slow speed of the fan in tunnel 2 
gave an average of 4.2 m.p.h. In tunnel 1, 1,568 grains were t,aken on slide 1, 
and 307 on slide C, a ratio of 5.1 to 1. In tunnel 2. 1.051 grains Wiry’ coll~Y~tcY1 
on slide L and 395 on slide C, a ratio of 2.8 to 1. 

Both the vane and the tunnel tests show that a slide oriented parall(sl with 
the air flow collects a great deal more pollen than one oriented at, right angles 
and that the difference is greater at higher wind speeds. Since the reasons tot 
this effect were believed to be purely aerodynamic, the flow patt,erns over the 
slides were investigated in a wind tunnel recently constructed at Brookhavrn 
Wind speeds in the tunnel may be varied from zero to 45 m.p.h. Oil-fog smoke 
is produced by a small generator and introduced into the tunnel to allow visual 
observation and photography of the air flow past objects under test. The 
sampling devices used in our field studies were tested a,t air speeds of 6 and 15 
m.p.h., which are representative of t,he rangr of speeds encountrred in act.ual 
field sampling. 



Fig. 2 shows typical flow patterns over a microscope slide in the standard 
Durham holder. It can be seen that as the air approaches the blunt leading 
edge of the slide and its holder it is forced to diverge from its course. As shown 
in Fig. 2, A and B, a small rise occurs over the leading surface of the slide at 
6 m.p.h., but a much larger one takes place at 15 m.p.h. Thus, as the speed 
of the air approaching the slide increases, the proportion of that air which is 
effectively sampled decreases and the pollen collected tends to deposit toward 
the rear of the slide. In spite of the decreased proportions of air sampled at 
increasing wind speeds, our field tests show that the greater volume of air 
sampled results in a greater over-all catch. Fig. 2, C and D, shows the flow 
patterns as the air passes over the short axis of the slide. At 6 m.p.h. the ris: 

Fig. Z.--Wind-tunnel photo raphs of flow patterns over a slide in a Durham holder. 
flow is from left to right. A, Q lide lengthwise, air speed 6 m.p.h. I3 Slide lengthmse % 
speed 15 m.p.h. C, Slide crosswise. airspeed 6 m.p.h. D, Slide cross&e, air speed 15 &.p.h. 

over the leading surface of the slide carries the a.ir past the middle before it 
descends, while at 15 m.p.h. the air is effectively lifted over the entire surface. 
These flow patterns explain the smaller catch obtained on a slide oriented across 
the wind. 

These findings are further confirmed by counts which were made on the 
two halves of the lengthwise slides exposed in the tunnels in 1957. The front 
half of the slides took 1,026 grains, or 37 per cent of the total, while the back 
half captured 1,778, or 63 per cent of the total. These figures reinforce the 
observations that the air approaching the leading edge of the slide is forced to 
rise, carrying much of the pollen over the first inch or so of the slide. Thus, 
in an air flow over the long axis of the slide, most of the pollen is caught on 
the back half, while in an air flow over the short axis, much of the pollen passes 
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completely over the slide. This is confirmed by the much smaller catch on the 
slides oriented across the wind in the tests made in 195’7 and by the approsi- 
mately equal catches on both halves. 

EFFECTS OF WIND SPEED ON SLIDES 

As shown in Fig. 1, the amount of pollen collected on the slides in both 
1955 and 1956 showed a fairly uniform increase from the bottom to the top of the 
tower, with the catch at the top about double that at the bottom. This might 
have been interpreted as indicating an actual increase in concentratSion. with 
height had not simultaneous filter samples shown the opposite trend. It was 
soon realized, however, that the catch on the slides was a function not only of 
the concentration of pollen in the air but also of the amount of air which passed 
over the slide. Therefore, the slides exposed to the higher wind speeds at, the 
t,op of the tower sampled a greater volume of air and caught a larger quanl.it~ 
of pollen. 

In order to test this effect under more controlled conditions, slide:; w~~r’e 
exposed in both 1956 and 1957 in the wind tunnels previously described. 111 
1956, the average tunnel air flows were 5.1 and 8.3 m.p.h., while their total 
pollen counts were 1,144 and 1,465 grains. In 1957, the air flows were 4.2 and 
8.0 m.p.h., and the pollen catches were 1,446 and 1,875 grains. Thus, in both 
years, a 3 to 4 m.p.h. increase in wind speed gave about a 30 per cent increase 
in the pollen catch. Actually, the effect was even more marked in 1957 if WC 
consider only the lengthwise slides. Here the total catches were 1,051 and 1,56H 
grains, an increase of 49 per cent in the faster tunnel. 

The slides used in the vane samplers in 1956 gire additional evidence. The 
lengthwise slide at 150 feet, where the wind speed averaged -l.7 m.p.h., took 
898 grains, while that at 355 feet, exposed to an average speed of 6.0 m.p.h., 
took 1,538, a 71 per cent increase. The crosswise slides showed less difference- 
411 and 570 counts or a 39 per cent increase. 

EFFECTS 0~ WIND SPEED ON FILTER SA~ZPLEKS 

In both 1955 and 1956, the slide samples on the tower were augmented by 
samples taken at several levels on Millipore (molecular membrane) filters 
mounted in filter holders of a type then in use at Bro0khaven.l’ Air was 
drawn through the filters by an electric vacuum pump at the rate of 0.75 cubic 
feet per minute. In contrast to the slide samples, the filter counts showed a 
marked decrease with height in 1955 and a similar but less marked trend in 
1956. This indicated that the increase of wind speed with height might have 
an effect on the filter samplers opposite to its effect on the slides. 

In 1956, filter samplers were mounted in both wind tunnels and chan;:ed 
daily to check the effect of wind speed on their efficiency. The twenty-four hour 
period between changes proved to be too long, for the filters became so heavily 
loaded with dust, as well as pollen, that accurate counting was impossible and 
the data were discarded. In 1957 the experiment was repeated, with the filters 
changed automatically every six hours by the automatic programming filter 
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samp1er.l’ On all but one of the eleven days, -the filter in the slow tunnel 
ca,ught considerably more pollen than the one in the fast tunnel. The totals for 
the period were 3,082 and 1,051 grains, a ratio of nearly 3 to 1, although the 
same volume of air was pulled through both filters and the concentrations of 
pollen in the volumes sampled must be presumed identical. 

The reason for this effect may be readily explained. In order to collect a 
particle on a filter, the air containing that particle must be drawn through the 
filter by some suitable means of suction. If the filter holder opening is at right 
angles to the direction of air flow, the air must make a 90 degree turn to enter 
the filter. If the particles in the air are very small (less than 1 micron, for 
instance), they tend to fo8110w the streamlines of the air faithfully at any normal 
speed. Larger particles also tend to follow the air flow into the filter if they 
are moving slowly. However, these larger particles, such as ragweed pollen, 
have enough momentum in an air flow of considerable speed that they tend to 
continue in their original direction when the air containing them turns to enter 
the filter. This effect is the same whether the filter holder is mounted upright, 
upside down, as has been previously suggested,13 or on its side. The only 
difference, except during precipitation, is the negligible effect of gravity on the 
particle. 

If the filter holder is mounted so that its opening is continuously oriented 
into the wind, good results will be obtained when the air flow through the filter 
is equal to the wind speed in the free air approaching the filter. If this is not 
the case, however, the system is subject to the serious errors of anisokinetic 
sampling discussed by Watson.14 An excellent summary of the principles of 
isokinetic sampling is given by Wilcox.15 

The molecular membrane filter has been used by several investigators for the 
collection of pollen.13v 16-18 In contrast to other types of filter media, it has the 
advantage of retaining the collected material on its surface where it may be 
viewed under a microscope. Our experience, as well as that of others,13 has 
shown that the recognition of collected ragweed pollen is feasible, provided the 
filters are not too heavily loaded with other particles. This consideration may 
limit the flow rate and exposure time for a given filter. 

Tests have shown that the efficiency of this filter in retaining particles in 
the pollen size range is essentially 100 per cent.13-17 Several experimenters have 
been misled by this into assuming that samples taken with the filter are there- 
fore 100 per cent accurate. Due to the source of error just discussed, this is 
far from the case. In our experiments, for instance, the filter holders were 
mounted in an upright position normal to the horizontal air flow. The pull of 
0.75 cubic foot per minute gave a linear flow of about 2 m.p.h. in contrast to 
the wind speeds which sometimes reached 20 m.p.h. Thus, it is evident that 
our filter system (and probably that of previous workers) is efficient only at 
very low wind speeds. Since this filter material is not adapted for high flow 
rates and since materials that are so adapted usually collect particles in the 
interstices of the material where they are not visible, it seems that the collection 
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of pollen on filters may not be the ideal way to obtain an accurate sample that 
some have believed it to be. This method is, in fact, subject to objections as 
serious as those to the gravity slide method. 

DISCUSSION 

Several previous investigators have realized that the current slide method 
of pollen sampling is grossly inaceurate.5g 18-26 Our experiments show that the 
combined effects of wind speed and wind direction may introduce differences of 
over 500 per cent between adjacent samplers and that the number of hay fever 
days and the ragweed pollen index computed from such data may show wide 
variations, even though the same concentration is being sampled. Current 
practice in exposing slides without regard to these variables yields results 
which cannot be regarded as comparable from one station to the next or from 

Fig. 3.-Wind-tunnel photographs of flow patterns over round slide holders. Air flow is 
from left to right. I, Model 1, air speed 6 m.p.h. B, Model 1, air speed 15 m.p.h. C, Model 
2, air speed 6 m.p.h. D, Model 2, air speed 15 m.p.h. 

one day to the next at the same station. Since comparability is essential in many 
applications of the pollen count, greater uniformity in sampling is desirable. 
If the Durham sampler continues to be used, a method should be established to 
ensure uniform orientation with respect to wind direction. This can easily be 
accomplished by mounting the sampler on an inexpensive wind vane. Uniform 
orientation with respect to air flow has been suggested previously27-31 and is 
strongly recommended by us. 
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An alternate method of overcoming the directional bias is the use of a round 
or square slide in a suitable holder. A round slide holder was used in the 1956 
field tests. Experiments have been conducted with other such models and will 
be continued, but as yet not enough data have been obtained to permit a proper 
evaluation of their effectiveness. Round slides are more difficult to mount and 
handle than the rectangular slides, but square slides give little difficulty. 

Fig. 3, A and B shows the flow patterns over the original round-slide holder 
(Model 1) at 6 and 15 m.p.h. It is obvious that the shape is aerodynamically 
poor for efficient pollen collection. Fig. 3, C and D shows the flow patterns 
over a holder of improved design (Model 2) at the same wind speeds. In con- 
trast to the previous model this holder allows the air to flow smoothly over the 
surface at both speeds. This holder, with square slides, will be tested in the 
field during the 1959 season. 

Varying wind speeds as a source of error have also been recognized pre- 
viously24, 30, 32-34 and present a more difficult problem than direction. Attempts 
made by others to reduce or make uniform the rate of air flow over the slides 
have not resulted in satisfactory counts, since some of the pollen is apparently 
removed by the obstacles used. Perhaps the most suitable solution is to measure 
the wind speed or total air passage over the slide and to correct the count by a 
factor determined either theoretically or experimentally. We have developed 
an inexpensive anemometer for this purpose, and work is being done toward the 
determination of a usable correction factor. 

Alternate Sampling M&ho&.-Sampling methods that do not involve slides 
and filters are still being studied, and these give promise of greater accuracy. 
Although final evaluations of these devices have not yet been made, brief 
descriptions may be helpful to other workers. 

For short-period samples, the Ro,torod sample? is believed to be an efficient 
device. This sampler collects pollen by impaction on a pair of small rods 
whirled through the air at high speed by a small, inexpensive, battery-operated 
motor. Single units are not adaptable for long-period samples, since they would 
become badly overloaded, but a number of units may be operated in sequence 
by a timing device. A number of these samplers have been constructed at 
Brookhaven and are currently being tested. 

Another method o’f sampling that shows some promise and is being tried 
by us is the collection of pollen on the side of a vertical cylinder, a method 
tested by Gregory.36 The collecting side of the cylinder is kept oriented into 
the wind by a vane, while an anemometer is used to record the total air flow. 
Since the efficiency of this device falls off rapidly with decreasing wind speed 
and increasing cylinder size, only very small cylinders are useful at the lighter 
wind speeds. 

Another device currently under design is an isokinetic sampler which will 
change its flow rate rapidly and automatically to conform to changes in the 
wind speed while the sampling intake is oriented into the wind by a vane tail. 
Although this sampler will be too complex and too expensive for general use, 
its efficiency should prove very high. It will be used as a standard for the 
evaluation of other sampling devices. 
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Numerous other samplers reported in the literature have not been tested 
by us. Some of these obviously suffer from the same faults as the devices tested. 
Others may be more efficient but, until a reliable basis for comparison is avail- 
able, evaluation of the performance of any sampler is subject t,o many un- 
certainties. 

SUMMARY 

Our experiments have shown that pollen capture by the standard Durham 
sampler is determined by several factors, in addition to the concentration of 
pollen in the air. Aerodynamic factors are responsible for the greater collecting 
ability of the slide when its long axis is placed parallel to the air flow. Orienta- 
tion of the slide with respect to wind direction may result in a 5 to 1 difference 
in catch between adjacent slides. 

It was also found that the amount of pollen captured is a function of the 
amount of air passing over the slide as well as the concentration of pollen in the 
air. Thus, an increase of 3 to 4 m.p.h. in the wind speed may give more than 
a 50 per cent increase in the pollen captured. Since wind speed normally in- 
creases with height, elevation of the sampler above the ground determines the 
wind speed to which the slide is exposed and affects the count. 

Tests of a filter sampler showed that this device was also affected by wind 
speed but in an opposite manner, since efficiency in capturing particles in the 
pollen size range decreases with increasing wind speed. 

Improvements in the standard sampling technique might include vane 
orientation of the slide sampler and measurement of the air flow which could be 
used to correct the count, or the use of round or square slides with similar 
correction of wind speed. Work is continuing on the development and evalua- 
tion of other sampling devices. 

Maynard E. Smith, Leader of the Meteorology Group at Brookhaven National Labora- 
t,ory, and Irving A. Singer, Assistant Leader, assisted materially in the planning and conduct 

of these experiments. Donald M. Lewis of the State Botanist’s Office counted all the samples 
and actively participated in the 1956 and 1957 programs. Louis H. Conger, Jr., formerly 
Acting Chief of the Bureau of Statistical Services of the New York State Education Depart- 
ment, assisted in the analysis of data. Herbert M. Mapes constructed several modified slide 
holders. 
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