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D URHAMl appears to have been t,he first to report a study on the hourly 
variation of ragweed pollen. In his study which was made during the 

height of the season, the conclusion was drawn that most of the day’s yield of 
pollen was thrown into the air early in the morning at the usual time of the 
daily ripening of the male ragweed flowers and that by midnight the bulk of 
this load has been precipitated. 

Wilmer and Marshall2 concluded after exposure of slides for a two-hour 
period and with these slides collected over a twent,y-four hour period that the 
atmospheric pollen content is less as the earth cools. The lowest counts were 
reported between 5:30 and 9:30 P.M. 

The distribution of ragweed pollen in the upper atmosphere was studied by 
Heise and Heise3 by exposing slides in the slip stream of a plane. “The data 
indicate that the level of maximum concentration rose from early afternoon 
until about 8 :00 P.M. when the particles slowly fell until dawn, at which time 
there was ground fog. An analysis of these findings seems to indicate t,hat the 
convection currents during the day and early evening are responsible for the 
lifting of the particles to high altitudes, and that the particles then sink as 
the ground cools off. . . The importance of t,hese observations is that they help 
explain the well-known fact that pollenosis is usually at its worst in t,he early 
morning hours.“3 

In a study by Barnes and Rooks4 conducted for seven days on the diurnal 
pattern of pollen fall, slides were exposed on the standard gra.vity sampler: 
and were changed at intervals of six hours. The results showed that of the 
total pollen collected over twenty-four hour periods, 53 per cent was deposited 
on the slides between 6 :00 A.M. and noon, 23 per cent from noon to 6 :00 J’.x., 
14 per cent from 6 :00 P.M. to midnight, and 10 per cent from midnight to 6 :OO 
A.M. Tt was concluded that despite the fact that approximately three-fourths 
of the pollen is thrown into the air by the weeds in the daylight hours, the 
night air may contain large doses of pollen. 

Jones6 exposed four miscrosrope slides coated with a thin film of petroleum 
,jelly on a weather vane a.t about thn height of the plant and concluded t,hat, 
the giant, ragweed released 8X per cent of t,hc average daily total between 8 :00 
and 11 :30 .\.RI. during August 24 and 25 at Lincoln, Neb. Additional readings 
were taken at Stillwat,er, Okla., for four days during September, at which time 
it was found that about, 95 per cent. of the avcragc daily total of gi;lnt rag- 
weed was shod between 7 $0 ant1 10 ::<O .\.M. 
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Readings taken wit,h the same sampler by Jones” iu terms of Western rag- 
weed at Stillwater for three days during September showed that maximum 
shedding occurrecl at S 30 A\.~~. and that approsimatel~~ !)O per cent of the 
average daily pollen supply was shed between 7 :00 and 10 :OO MN. 

In none of these reported studies was a volumetric device used, that is, 
sampling a known amount of air with some method for the removal of pollen 
as the air passes through the instrument. In all of the reported studies an 
adhesive, usually petroleum jelly was used to coat an ordinary microscope 
slide and this slide was then exposed to the air in the standard sampler 01 
some slight modification thereof. 

Durham7 concluded that “in strong winds there are upward as well as 
downward currents and that wind impingement can, under such conditions bc 
responsible for most of the ‘gravity’ catch. ” 

Fletcher and Velz” state that “probably because of high degree of turbu- 
lence associated with variation in air movement, pollen grains actually land 
on an exposed slide more in accordance with the laws of chance than with 
laws of gravity. ” 

Although certain volumetric devices have been reported, they have not been 
widely used in the study of aerial transmission pollen problems. Hawes, Small, 
and Miller9 in 1942 reported a volumetric sampler by which the pollen was 
drawn through a fine slit opening and the pollen was inpinged onto an adhesive 
coated slide which was moved lengthwise by an electric clock mechanism. 
Fletcher and Velz8 described a volumetric sampler developed by Hawes, Lang, 
and others by which the pollen is impinged onto a moving strip of adhesive 
tape. A similar device is described by HalllO and by Stenburg.ll The sampler 
described by Stenburgll was selected for this problem because of its simplicity 
in operation, permanency of records, and the fact that long-time readings 
could be taken without any attention by the operator. 

STATEMENT OF PROBLEM 

This report is concerned with a study conducted on the diurnal variation 
of air-borne ragweed pollen as determined by a continuous recording particle 
sampler. Because of the sampling errors that do arise in connection with the 
exposure of a slide even in the standard sampler and due to the scarcity of 
reports and the small number of readings taken on the diurnal variation of 
ragweed pollen, it was believed further study of this problem would be of 
value, preferably by a volumetric sampler. 

By the use of a suitable volumetric sampler during the entire ragweed 
season, it was hoped further information aside from the diurnal variation might 
be added to our present knowledge as to the general aerial dispersion of ragweed 
pollen. 

PROCEDURE 

The Rugweed Pollen Sampling Eficiency of the Continuous Recording 
Volumetric Sampler.-Although a few readings were taken by Stenburg’l with 
I he ‘ ‘ continuous recording particle sampler ’ ’ to determine the efficiency of this 



ins1 runlent, in sampling for pollen, no c>x;let stntcmcnt as to its eflic4ency \Vi,iS 

made. The conclusion was drawn, however, that **the efficiency oE 11~2 instYlI- 
merit is high.” 

In the study here reported preliminary efficiency readings were taken with 
commercially collected ragweed pollen (AHL~I-ositc t~ifidn) . This pollen was re- 
leased from a flask by compressed air directlp into the air intake of t,he samplcl 
during its operat,ion by the use of a suitable rul)bcr tube connection. Petroleum- 
jellied slides attached to the sides and placed at the bottom within the sampler 
indicated that not, all of the pollen was bein g collected on the tape but rather 
some was undergoing impingement within t,hc instrument. Slide counts in- 
dicated that although there was no impingemcnt~ of the pollen on the sides, 
the pollen was collecting at the bottom of the sampler. 

Additional readings indicated that if a small dosage of pollen was placed 
within and on the floor of the instrument and air was passed through the 
sampler which was known to contain no ragweed pollen, some of this pollen 
within the instrument was impinged on the recording tape. For this reason, 
during actual use of this sampler durin, (7 the ragweed season, the bottom of the 
instrument was thoroughly cleansed dail>-. The top portion of the instrument 
which was difficult to cleanse was sealed such that no pollen could collect in 
this area. 

In all efficiency tests and during actual operation of the sampler during 
the ragweed season, the distance between t,he impinger and tape was set at 
one-sixteenth of an inch. With a suitable opening for cooling of the motor 
and with this distance of one-sixteenth of an inch between the impinger and 
the tape, the air flow through l,he instrument was calibrated at 0.5 cu. ft. per 
minute. This rate of air flow was maintained in all preliminary readings as 
well as during operation of the sampler through the ragweed season. 

In addit,ional experiments on efficien(~~, the pollen was released in a similar 
manner to the above procedure dire+ int,o the intake of the instrument while 
the continuous recording particle sampler was in opckration. The air which 
passed through this instrument llnder test was led directly by a suitable connec- 
tion into another sampler.‘* This connection was kept as short as possible (6 
inches in length) to minimize impingement within this tube. That very little 
if any impingement did occur within this connection was indicated by the fact 
that there was no gradual increase in pollen counts by the second sampler with 
an increase in the number of readings. The rate of a.ir flow through both 
samplers was maintained by a vacuum pump at 0.5 cu. ft. per minute and 
1 cu. ft. air samples were taken on all efficiency readings. 

In all readings on efficiency, pctrolcnm-jellied slides were placed on the 
floor of the instrument to determine impingement within the sampler. One 
square centimeter slide area. was counted for each reading and t,hese readings 
were taken into consideration in computation of t,he efficiency. 

The efficiency of the continuous recording particle sampler under the above 
sampling conditions was found to be 76 per cent. This, hecause of the high 
pollen dosage used on each test (300 to 1,000 pollen granules per cubic yard of 
air), undoubtedly represents the minimum efficiency of this sampler. This 
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figure compares favorably with a previous report’” when under similar sampling 
conditions for ragweed pollen the efficiency was reported as 69 per cent when 
impingement to petroleum-jellied slides was compared with electrostatic pre- 
cipitation. The somewhat higher efficiency when impingement, occurs to tape 
may very well be due to the better adhesive qualities of tape* as compared with 
petroleum jelly. 

Location rind Opemtio,~ of the l/‘olumetric Sampler During the Ragweed 
Season.-The sampler was located on the topmost ledge of a tower on the Medi- 
cal Laboratories Building, approximately 55 feet above the ground. This site 
placed the sampler well above any near-by trees with no obstructions to lateral 
air currents from any direction. The sampling site is also quite distant from 
any known ragweed source. 

The sampler was kept in cont,inuous operation, except for the small amount, 
of time occasionally necessary to change the roll of tape and for t,he daily re- 
moval of that tape representing a twenty-four hour reading. Air samples were 
collected from Aug. 7 through Sept. 20, 1952. This represents the usual rag- 
weed season in this area. 

On three days the rainfall was so heavy as to destroy entirely the twenty- 
four hour reading. Although the intake into this sampler is protected, during 
a heavy rain, moisture of sufficient quantity is drawn into the instrument to 
destroy entirely the adhesive qualities of the tape. 

DISCUSSION An-D RE:SUI,TS 

Hourly Varintion in, the Aerial Transwissio~t of Ragweed Pollen on a 
Seasonul Basis.-Fig. 1 indicat,es that, on a seasonal basis the peak incidence of 
ragweed pollen is reached from 11 to 12 4.~. This peak incidence amounting 
to 22.8 per cent of all the pollen collected for a twenty-four hour period is 57 
times the dosage encountered by the individual during exposure for any single 
early morning hour from 3 to 6 A.M. 

The hours from IO:00 A.M. to 1:00 P.M. account for 56 per cent of the 
pollen collected for the twenty-four hour period. This pollen dosage repre- 
sents 23 times the exposure of the patient for the same time interval but from 
6 :00 to 9 :00 ii.nI. Similarly, the pollen dosage from 10 A.nl. to 1:00 P.M. ac- 
counts for 25 times the exposure of the individual during the hours from 9 
to 12 midnight. 

Hourly Variation- i?z. the Aerial Tmwnzission of Ragzeecl Pollen During 
the Month of AtAgwt.--Eighty-six per cent of the pollen collected on a seasonal 
basis from August 7 through September 20 was collected during the month of 
August. 

Fig. 2 indicates that 21 per cent of the pollen obtained during this month 
was collected from 10 :00 to 11 :00 LM. and 67 per cent was rollccted from 9 :00 
-4.M. t0 1 :oo P.M. 

*Scotch cellophane taP2, $I& inch by 300 inches (Minnesota Mining & Mfg. Co., Saint 
Paul F, Minn.). 



Fig. l.-Hourly variation in air-borne ragweed pollen August 7 through September 20, 
Iowa City, Iowa, 1952. Each hourly reading indicates on a seasonal basis the mean per cent 
pollen collected per each twenty-four hour readings. 

6-7-0 - 9 -10 -11 -12 - 1 - 2 - 3 - 4 - 5 - 6 - -/ - 8 - 9 -10 -11 -12 - 1 Hours A.K. Hours i'.M. - 2 - ‘j ‘,,f - 5 Hours 

Fig. Z.-Hourly variation in air-borne ragweed pollen August 7 through August 31. 
Iowa City, Iowa, 1952. Each hourly reading indicates the mean per cent pollen collected per 
each twenty-four hour reading during the month of August. 
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The fall in the afternoon again occurs \-cry rapidly and the incidcncc from 
6 30 in the evening until 6 :00 in the morning is practicall$ the same during 
tile month of August as compared with the inc&idence on a seasonal basis. 

Hourl~y Varintion in the Aeric~l T,~.a.nsa~i,ssion of Ihgweod Pollen lhring 

the Nontlz of XeptenLber.-September accounted for 14 per cent of the seasonal 
pollen collected. One might infer because of the low total for this month that 
hourly recordings would show marked changes as compared with the month of 
August. 

Fig. 3, however, again indicates a sharp .incrcase in the ragweed pollen 
incidence during the morning hours with 50 per cent collected between the 
hours of 9 :00 A.M. and I :00 P.M. 

Hours .&.I”:. Hours P.M. Hours A.M. 

Fig. 3.-Hourly variation in air-borne ragweed pollen September 1 through September 
20, Iowa City, Iowa, 1952. Each hourly reading indicates the mean per cent pollen collected 
per each twenty-four hour reading during the month of September. 

Although the reported rainfall for the month of September was only 0.94 
inch, the pollen incidence was again extremely low from 6:00 P.M. to 6:00 SM. 

It has been reported previously4 that in this area (Iowa City, Iowa) dnr- 
ing seven pollen seasons, the apex date or peak daily incidence varied from 
August 21 to September 1. This, together with the fact that 86 per cent of the 
pollen is released during August, suggests that if pollen undergoes a marked 
redistribution after it has once settled upon trees, shrubs, and buildings, it 
should certainly occur during the month of September and especially when 
the month is characterized by a lack of rainfall. If such a redistribution does 
occur, it does not happen at night. 
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Daily Variation in the Aerial 1’ramwLssiox of Ragweed Pollen OH a Sea- 
sonal Basis.-Volumetric a.ir samples (luring tjhc pollen season oif 1952 when 
compared with pollen counts of slides exposed in a standard gravity sampler 
located at the same samplin g site showed the same type curve when compari- 
sons were made on a daily basis. I3cginning with August i and with cwh addi- 
tional day there was the usual marked increase in the pollen concentration 
of the air, but the peak incidence was reached with the standard sampler on 
August 26. The apex date using the volumetric sampler was August 25. After 
August 28 there was the usual irregular fall in incidence so characteristic of 
the ragweed problem. 

There was close agreement in the first detection of air-borne ragweed pollen 
by t,he usual slide method as compared with the volumetric samples. Similarly, 
the close of the season was practically the same, at which time few or no pollen 
grains were sampled by either method. These caomparisons indicate that volu- 
metric air samples do not have any particular atlvantages over the standard 
gravity sampler in indicating the beginning, the end, and the apes date of the 
pollen season. 

Meteorological Factors in Kvgmeed Distr.ibuf~io~~ and I+eL’alence.---It has 
been previously reportedI that under experimental conditions the settling rate 
of ragweed pollen is increased wit,h an incrcasc in humidity. .Uuke14 reports 
that “pollen settles out of the air in the same way t,hnt mud settles out of 
water, so that air which has beell, still for a t,imc is practically free from pollen. ” 
It is dificult t)o determine by means oi: the standard gravity sampler if the 
reported low pollen counts ( 1, 2, and 4) in the evening and night arc due to 
the natural increase in the humidity or to the natural decrease in wind velocity 
or both. :I sampling error does arise in the USC of t,he standard sampler in that 
the pollen catch would be proportionately less in the evening and night. This 
is tlnc to the fact that the pollen count in terms of this sampler is dependent 
in large part upon the passage oi’ lateral air currents over the exposed slide.’ 

A comparison of the pollen incidence in terms of volumetric air samples 
shows that 47.0 per cent ol’ the pollen collected on a seasonal basis was collected 
from 6 :00 ,\.aI. to 12 noon, 13.6 per cent from 12 noon to 6 :00 P.&I., 5.5 per cent 
from 6 :00 J’.RI. lo 12 :00 midnight, and 3.6 per cent from 12 midnight until 6 
in the morning. It is believed these readings rcflwt, in part the importance of 
humidity in drtcrmining the settling rate OC pollen. The mean relative humidity 
in percentage at 6 :00 \.nr. on a seasonal basis was 94 per cent while at 12 :OO 
midnight it, was 8s per cent,. The lowst rclat,ivc humidity reading was 51 
per cent at 12 :00 noon when the: pollen wunts are highest and by 6 in the 
evening the relative humidit)- had increased to 68 per cent. 

That this marked variation t,hroughout the day and night in pollen in- 
cidence is l:>r~cl;- thle to a change in the humidity rather than to a change in 
wind wlocit>- is shown by tliesc additional comparisons. Tt has been shown by 
Prawfo1d’” tll;It a horizontal air flo\v of I.58 Cm. per second (0.035 miles per 
hourj would be sufficient to overcome the force of gravity and produce air- 
borne pollen. The mean wind velocity for August and September at 12 noon 
in the study here reported was 11 milts per hour. The mean wind velocit) 
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for the other six-hour intervals was from 5 to 6 miles per hour. This corn 
paratively low wind relocity at night would he ample to overcome the force of 
gravity and produce air-bolxe pollen according to the experimental results 01 
( ‘l~awfortl. 

This discussion has so Car negle&d still another fartor in the aerial trans- 
mission of ragweed pollen. ,\s the earth’s surface is warmed, rising convec- 
tion air currents are formed. Witzh a cooling of the earth’s surface, downward 

air currents are produced and with an unequal warming of the earth’s surface 
marked air turbulence results. 

The mean dry bulb reading during t,he months of hugust and September 
was 78 at noon. By evening at 6 :00 the mean dry bulb reading was 71. Mean- 
while the proportion of pollen collected during the season (Fig. 1) had dropped 
from a peak of 22.8 per cent from 11 to 12 noon to only 2.2 per cent from 
5 :00 to 6 :00 P.M. The slight difference in temperature at noon as compared 
with 6 :00 in the evening, a difference of $“, could hardly account for any large 
part of this rapid drop in the inridencc of ragweed pollen. 

It has been pointed out by I)urhaml that most of the day’s yield in pollen 
is “thrown into the air early in the mornin g at the usual time of the daily 
ripening of the male ragweed flowers,” with the bulk of this pollen released 
from the individual plants by 12 :00 noon as shown by these results. Although 
with a sudden gust of wind the entire day’s production of pollen by the in- 
dividual plant map be released in just a few nlinutcs,8 the gradual increase as 
shown in the figures suggests our sampler was sufficientA>- distant from any 
ragweed source to minimize this factor. 

X comparison of these volumetric counts with wind direction revealed no 
differences. Tt would have been of interest to have determined volumetrically 
the exact percentage of pollen removed from the air by a given amount of 
rain. This, as has been previously mentioned, was impossible due to the mois- 
ture accumulation within the instrument during rain which destroyed the ad- 
hesive qualities of t,hc collecting tape. 

IJIPLICATIOXS OF THE ST1JDY 

Maintaining a. Low E’ollerz lie/lCqe.-It has been reported by Barnes and 
RooksI” t,hat “the total daily pollen exposure even during the worst ragweed 
seasons and in the worst ragweed areas can be kept at a low and oftentimes 
even subclinical level. ’ ’ This was accomplished by the use of suitable window 
type pollen filtering units along with certain precautions against entrance of 
pollen into this refuge by air-dried laundry, outer clot,hing worn by members 
of the family, family pets, bouqurts from the flower garden, etc. 

In maintaining such a pollen refuge the most critical period during the 
day for entrance of pollen from the outdoors through open doors and windows 
would be from 9 :00 A.M. to 1 :00 PAL during both the months of August and 
September. The second period of greatest danger would be the period from 
1 :OO P.M. to 6 :00 P.M. From 6 :00 P.M. until 6 :00 AX. the pollen dosage of 
outdoor air is so low as to be of much less significa.nce if the home or pollen 
refllge is opened to outdoor air. 
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For those not able to afford the ptrrchase of a commercial window type 
filtering unit, a pollen refuge could he estahlishctl which worrl(I be effective and 
much less costly than would be the pur*clrase of these units. A\11 cs11aust fan 
could be installed, either in the attic or in a window, and all outdoor air could 
then be filtered by installation of suitable air filters in certain windows in the 
home with all other windows and all doors kept tightly c,!osed at all times. 
Volumetric air samples taken in a home tlrrrin g the ragweed pollen season in 
1952 indicated that it was possible 1)~ Ibis met~hod to reduce the number of 
pollen granules to 5 or less per cubic yard of air. With this method of pollen 
control the air will enter the home at the place of lowest resistance so that full 
cooperat,ion of other members of the family is essent,ial from the standpoint of 
open doors, especially from 6 :00 A.M. to 6 :00 I’.AI. 

The refuge should first undergo a thorough cleansing prior to the pollen 
season to prevent a carry-over of pollen from previous summers. A circular 
fan could be safely used at any time indoors to add to cornfort provided the 
cleansing prior IO the season has been thorough. 

A person during the evening and early morning hours might take ad- 
vantage of the outdoors for a time, provided the activity of the individual did 
not again create a pollen exposure problem. Mowing the lawn, working in the 
garden, a ride in the family car even in the evening could significantly increase 
the pollen exposure of the individual. Volumetric air samples taken within a 
car after brushing the upholstering have shown readings sufficient to produce 
clinical symptoms long after the pollen season. 

Both of these methods can be used successfully with definite benefit to the 
individual patient in that the pollen exposure is significantly lessened. It is 
obvious that both of these methods would rnake more beneficial the treatment 
methods utilized by the physician. 

In Desensitization.-The wide diurnal variation of ragweed pollen is also 
of sorne importance in attempts at desensitization. As has been previously 
reported,‘O ‘ ‘ the number ol’ pollen grannlrs inspired by an individual is not a 
direct multiple of the number reported per cubic yard of air.” In terms of 
the standard sampler it was calculat,cd in this previous reportlG that the pollen 
catch on a seasonal basis during the period from 6 :00 P.M. to 6 :00 in the 
morning was 25 per cent. Actually the pollen incidence as shown by volumetric 
readings is much lower, more nearly 10 per cent, while the pollen incidence is 
higher during the hours from 6 :00 A.M. to 6 :00 in the evening (90.6 per cent) 
than the incidence in terms of the standard sampler which was reported as 
approximately 50 per cent. The number of pollen granrrles inspired during 
a twenty-four hour period is actually much higher than would otherwise be 
expected unless this marked fluctuation in ragweed pollen irrcidenre is recog- 
nized. This high incidence of ragweed pollen between the hours from 9 :OO 
A.M. to 1:OO P.M., especially during the month of August, may rnake especially 

difficult attempts at desensitization or other treatment procedures. 
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SUMMARY 

A continuous recording volumetric sampler was placed in operation during 
t,he entire ragweed season after the efficiency of this sampler was determined 
in terms of Arnbrosiu trifida. 

An analysis of these twenty-four hour volumetric air samples revealed: 

1. The most critical period in exposure of the patient to ragweed pollen 
is during the hours from 9 :00 LIZ. to 1 :00 P.M. Sixty-seven per cent of the 
pollen collected during the month of Sugust was collected from 9 :00 A.M. to 
1:00 P.M. Fifty per cent of the pollen collected during the month of September 
was collected during this same time period. 

2. Only 10 per cent of the pollen collected for the twenty-four hour periods 
was collected from 6 :00 P.M. to 6 :00 A.M. during the months of August and 
September. 

3. A comparison of volumetric air samples with ragweed pollen counts 
made with a standard sampler located at the same sampling site shows no 
particular advantages in the use of a volumetric sampler in indicating the 
beginning, the end, and t,he apex date of ragweed pollen. 

4. Certain meteorological factors in determining the ragweed pollen inci- 
dence are mentioned and the implications of this study are discussed. 
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