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Seasonal variation in the number of airborne
pollen grains II

Analytical survey by the gravitational
center method

Masako SADO, Goro URAKUBOQO, Masa IKUSE, Norio SAHASHI
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In the previous paper," the authors found that the gravitational center method reported by Edwards??
could be one of the practicable indicator to grasp the seasonal variation in number of airborne pollen
grains. In the present study, they tried again the analytical survey on the airborne pollen grains which
were collected during three years, from 1976 to 1978 at Funabashi, Chiba Prefecture, and obtained almost
the same results as shown in the previous paper.

The authors selected five kind of airborne pollen samples which are the allergens of pollen allergies (polli-
nosis), and collected in large quantities through the season, and carried out the analytical survey by the
gravitational center method. The analytical method of the airborne pollen grains was almost the same as in

the previous paper.

Methods

The airborne pollen grains were collected by the gravimetric method using standard sampling appa-

ratus.¥ The slide coated with vaseline was set two days per week to collect the pollen grains, and replaced
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with new slide each day, then the surface of the slides were covered with glycerine jelly containing a
small portion of 0.01% gentianviolet alcohol solution.> After the preparation of the slide, it was observed
under the light microscope, usually from 400 to 1000 magnified, and each airborne pollen grains were
counted per 10 cm? of a slide.

The five selected airborne pollen samples used for the analytical survey in the present paper are as
follows ; Cryptomeria japonica (including Chamaecyparis obtusa), Pinus sp. (P. thunbergii, P. densiflora),
Ambrosia sp. (A. elatior, A. trifida), Artemisia sp. (A. japonica, A. princeps) and Humulus japonicus.

Each selected pollen sample was counted total in number per year, and the monthly percentages were
also calculated, and then calculated « and #as shown in Table 1 for each selected airborne pollen sample.
The center of gravity can be obtained from ¢ and .

On the other hand, a year was expressed as a circle, the circle divided equally into twelve sectors. The
monthly variation in number of the airborne pollen grains (symbol, @) was plotted into the sector, and the
center of gravity (symbol, %) which obtained from ¢ and ¢ was also plotted into the circle. If the seasonal
variation is not observed, the expected center of gravity will be at the center of the circle. The intensity of
the seasonal variation defines the amplitude from the center of the circle, i.e. showing the distance (@),
whereas @ defines the phase of the maximum incidence (number) and also the maximum peak’s month.

If the number of pollen grains is large in particular sector, the center of gravity will go away from the
center of circle, but if the former is small in number, the latter will get nearer.

The position of the center of gravity for each sample and the maximum peak’s month coincide with
each other, and it is said that the distance from the center of the circle to the center of gravity defines the

relative intensity of the seasonal variation in the number of air borne pollen grains.
Results

Table 1 presents an example of result for a number of P/nus pollen grains collected in 1978 and gives
estimated values of parameters.  Fig. 1 gives the variation of the monthly number of Pinus pollen grains
(plotted as @) and the center of gravity (plotted as %) which was led from ¢ and ¢as shown in Table 1.

Table 2 shows the calculated data for the five airborne pollen samples and the data of N, S, C, « and ¢
were obtained in each year during three years, from 1976 to 1978. The calculation was conducted by the
same method as described under the Table 1. Fig. 2 gives the centers of gravities in comparison with

the five airborne pollen samples in years from 1976 to 1978.
Discussion

From both Table 1 and Fig. 1, the total number of Pinus pollen grains in 1978 was 3871 grains, while the
maximum peak’s month (the largest in number in a month per year) was May, and counted 3535 grains
(91.279%). The center of gravity was plotted at the middle of the sector of May, namely it is equal to 14th
May in the circle from the data of §(—47°47") and « (3.76). Acoordingly, both the maximum peak and the
center of gravity were recognized in May.

Every four airborne pollen samples used in this study were consisted of only two closely related species
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Table 1.

Month

January
February
March
April
May

June
July
August
September
Octcber
November

December

Caluculation of seasonal trends by the gravitational center method (3C¢ 1—aperturate, Pinus sp.,

1978)

;g%léﬁ % ] Jn sin(6-15°) Jynsin(8-15°) cos(8-15°) Jncos (6-15°)
n
- -- 15° -- " 0.000 -- 1.000 --
- -- 45° -- +0.500 - +0.866 --
s -- 75° — +0.866 == +0.500 -
299 7.72 105°  17.29 +1.000 17.29 0.000 -
3533 91.27 135°  59.44 +0.866 51.48 -0.500 -29.72
37 0.96 165° 6.08 +0.500 3.04 -0.866 -5.27
1 0.03 195° 1.00 0.000 ~= -1.000 -1.00
— m 225° -- -0.500 s -0.866 ==
1 0.03 255° 1.00 -0.866 -0.87 -0.500 -0.50
- = 285° = -1.000 = 0.000 ==
— — 315° == -0.866 - +0.500 -
_— - 345° == -0.500 - +0.866 =
N=3871 100.00 wW=84.81 $=70.94 Cc=-36.49
a-ds?e ¢ | 0.9406, Vard = 2/N = 0.00512,
W= 4d = 3.76, x? = = Nd? = 27363.3,(d.f.= 2)
(8 - 15°) = tan 's/c = -62°47"',

6 = -47°47' ( i. e. middle May )

Dec. :
Nov. Feb.
50
Oct. Mar.
°
Sept. * Apr.
Aug. ® May. * Center of gravity
Jul. Jun. @ Monthly values

Fig. 1. Intensity and direction of seasonal variation on the pollen grains

(3Ce 1-aperturate, Pinus sp.) in 1978.
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Table 2. Estimated parameters of three years' variation in the total numbers of the pollen grains of five

kind of airborne pollen samples.

No. of
species year pollen /W sin(0-15°) /A cos (0-15°) a 0
(N) (s) (c)
3¢ l-aperturate
Cryptomeria japonica 1976 4695 74.49 45.18 3.67 73°46"
(Chamaecyparis obtusa) 1977 444 24.09 12.83 3.80 76°58"
1978 1723 50.99 18.21 3.85 85°21'
a
3C" l-aperturate
Pinus sp. 1976 2416 65.98 -24.14 3.48 -54°54"
(P. thunbergiil 1977 3536 78.01 -18.40 3.76 -61°44"
|
LP' densiflora)‘ 1978 3871 70.94 -36.49 3.76 -47°47"'
b
6B~ 3-colporate
Artemisia sp. 1976 111 -11.75 -5.05 3.91 81°45"
[a. japonica*j 1977 33 -6.45 -3.96 3.84 73°27!
LA. princesz 1978 102 -9.20 -5.90 3.96 72°20"
b
6B~ 3-colporate
Ambrosia sp. 1976 432 -19.23 -19.20 3.50 60°03"
. elatiorT 1977 183 -10.01 -13.22 3.90 49°08"'
LA' trifidaJ 1978 295 -15.08 -17.17 3.87 56°18"'
SAb_C3—(4)—porate
Humulus japonicus 1976 208 -16.44 -8.87 3.85 76°39!'
1977 106 -13.18 -6.31 3.79 79°25"
1978 70 =8 I'9 -4.15 3.95 78°08"'
Abbreviations. % Cryptomeria japonica -« Cc
B Pinus sp.  ceeereereerereinieen P
@ Artemisia Sp.  ceeeeeeereeseeeen A
A Ambrosia sp. coeeeeeeeseeneeens R
X Humulus japonicus «-:e:eeeeee H
1976-+-++-6, 1977-+-+-7, 1978------8

Fig. 2. Seasonal variation in the proportion of airborne pollen grains with various types in 1976,

1977 and 1978.
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and one sample was borne only one species, so that each sample showed only one peak in a year.

Among fifteen centers of gravities, only that of Pmus sp. in 1976 got out a little from the position, but
others agreed with the months of the maximum peaks.

The centers of gravities of Cryptomeria japonica ncluding Chamaecyparis obtusa in three years
(1976—1978) were plotted in March and their o showed from 3.67 to 3.85, and variation of the amplitude
was 0.18. The dispersal seasons of the pollen grains were observed from 17th February to 14th May in 1976,
from 18th February to 19th April in 1977 and from 3rd March to 25th April in 1978. The estimated center
of gravity in each year was corresponded to 15th March in 1976, 19th March in 1977 and 28th March in
1978, and the maximum peak was observed in the same month. The total number of the pollen grains in
1977 were extremely small. It might be derived from the weather conditions, namely, twenty rainy days
and unusually low temperature in March.

On Pinus sp., the total numbers of the pollen grains in 1977 and in 1978 were almost equal in number,
but smaller in 1976. The dispersal seasons of the pollen grains were as follows; from 16th April to 21st
June in 1976, from 19th April to 22nd June in 1977 and from 25th April to 8th June in 1978. While the
estimated center of gravity in each year was corresponded to 7th May in 1976, 30th April in 1977 and 14th
May in 1978. The maximum peak’s month in both 1976 and 1977 was April, however, May in 1978. Accor-
ding to these results, both of the maximum peak’s month and the center of gravity were observed in same
month, in April 1977 and in May 1978, but in 1976 the center of gravity got out a little from the position.
The values of «in three years were from 3.48 to 3.76, and variation of the amplitude was 0.28.

On Ambrosia sp., the total number of the pollen grains was a few hundred in each three year, the
number in 1976 was twice larger than in 1977. The dispersal seasons of the pollen grains were from 30th
June to 8th October in 1976, from 5th August to 9th September in 1977 and from 1st August to 15th
September in 1978. Furthermore the estimated centers of gravities were corresponded 31st August in
1976, 20th August in 1977 and 28th August in 1978. These values of ¢ in three years were from 3.50
to 3.90, then the variation of the amplitude was 0.40. Namely the centers of gravities in three years were
observed in the same months as the maximum peak's ones. In 1976 the beginning of the scattering of the
pollen grains was earier than other years, and also the end of the scatterring of the pollen grains was the
latest. These results brought the large number of the pollen grains in 1976. Contrary in 1977, the pollen
dispersal season was short and pollen grains was small in number.

On Artemisia sp., the total number of the pollen grains in three years were only 111 in 1976, 33 in 1977
and 102 in 1978. Especially in 1977, it was about one-third of the others. This result might be led from the
weather conditions, nemely sixteen rainy days were obeserved in September of 1977. The scattering sea-
sons of the pollen grains were shown from 3rd September to 5th October in 1976, from 30th August to
20th September in 1977 and from 15th September to 26th September in 1978. The estimated centers of
gravities were corresponded to 22nd September in 1976, 14th September in 1977 and 13th September in
1978. From these results, both the maximum peak’s month and the center of gravity in each year were
recognized in the same month. While ¢ in three years were from 3.48 to 3.96, and the variation of the

amplitude was shown very small value of 0.12.
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On Humulus Japonicus, the total number of the pollen grains in each year were small in number, i.e. 208
in 1976, 106 in 1977 and 70 in 1978. The dispersal seasons of the pollen grains were from 31st August to
Ist October in 1976, from 19th August to 7th October in 1977 and from 12th September to 26th September
in 1978. The estimated centers of gravities were corresponded to 16th September in 1976, 20th September
in 1977 and 19th September in 1978, and the maximum peak was observed in the same month. The values
of ¢ In three years were ffom 3.79 to 3.95, and the variation of the amplitude was 0.16.

In this study, the seasonal variation had a tendency to be low, when the dispersal season was long. The
center of gravity in fifteen samples was agreed with the maximum peak's month, except that of Pinus in
1976 got out a little from the maximum peak’s month. Also, the seasonal variations () of the five kind of
airborne pollen samples, each of which was consisted of closely related species (except on species of
Humulus japonicus), were recognized between 3.0 amd 4.0. The variance of the intensity of seasonal varia-
tion (@), which represents the difference of the dispersal condition in every years, was larger on Ambrosia
sp. (0.40) and on Pinus sp. (0.28), but smaller on Artemisia sp. (0.12), on Humulus japonicus (0.16) and
Cryptomeria japonica (0.18). Furthermore, on the whole sample, the parameters of seasonal variations were
confirmed to be statistically significant with x? test.

It is well Known that the dispersion of pollen grains of each plant is influenced by the situation of
environment which were a period of flowering plants, the vegetation and the weather condition, etc. The
statistical analysis by the gravitational center method, which shows the dispersal conditions such as sea-
‘sonal variation graphically, can be regarded as one of the practicable indicator to identify or to compare
the annual, monthly or even daily changes in number of dispersal pollen grains.

In previous paper, the pollen grains were collected three days per week by the volumetric method, and
in this study, were collected two days per week by the gravimetric method through the year, and the
authors obtained a results available to the statistically analysis by the gravititional center method.

The present study will be continued for the purpose of the approach to the pollen allergy.
Summary

A statistical analysis by the gravitational center method was applied to the numbers of pollen grains of
five kind of plants collected at Funabashi in 1976-1978, and the following results were observed :

1) The variation of the intensity of the seasonal variation (@) was larger on Ambrosia sp. (0.40) and on
Pinus sp. (0.28), but smaller on Artemisia sp. (0.12), on Humulus japonicus (0.16) and Cryplomeria
japonica (0.18).

2) The seasonal variations (@) of the five airborne pollen samples, each of which was selected from
closely related species (except one species of Humulus japonicus), were recognized between 3.0 and
4.0.

3) The center of gravity in each sample was agreed with the maximum peak’s month, however only that
of Pinus sp. in 1976 got out a little from the position.

4) The seasonal variation had a tendency to be low, when the dispersal season was long.

From those results, a conclusion was obtained that the dispersal season of the pollen grains, the total
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number of the pollen grains and the intensity of the seasonal variations are very closely related to each

other. Furthermore, the center of gravity can be regarded as one of the practicable indicator to identify or

to compare the annual, monthly or even daily changes in the numbers of the dispersal pollen grains.
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