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Abstract A three-year aeropalynological study was carried out in the month of August for each of the three years 2005, 2006 and
2007 in the Beijing Olympic Park. A total of 19550 pollen grains were counted (15057 grains in 2005, 2717 in 2006 and 1776 in
2007) for the following taxa: Gramineae, Chenopodiaceae, Humulus L., Artemisia L., Ambrosia L. and Pinus L. The analysis indicat-

ed that in the three consecutive years of 20052007, airborne pollen types and daily number of pollen in August in the Beijing Olym-

pic Park were closely related to environmental change and vegetation composition. The daily variations of airborne pollen displayed

similar patterns in August in each of the three years, which were affected positively by periods of daily sunshine, negatively by daily

relative humidity and daily precipitation. Continuously high daily temperatures and stable daily wind speeds seemed to have little ef-

fect on the fluctuation of airborne pollen.
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1 Introduction

Pollen grain suspended in the air is one of the prin-
cipal particles of atmospheric pollution. Their com-
position and concentration in a particular region vary
markedly in response to geographical location, veg-
etation components and meterological parameters.
These days, aeropalynological studies have aroused
worldwide interest and become part of a global project
with relevance to agriculture (Rodriguez et al., 2000),
the environment (Grandjouan et al., 2000; D’Amato
and Liccardi, 2003), medicine and human health (D’
Amato et al., 1998; Sin et al., 2001).

In China, pioneering studies on aeropalynology
were mainly carried out in Beijing. Song (1959) in-
vestigated the composition of airborne pollen in Bai-
wanzhuang of Beijing and analyzed their annual and
seasonal variations in the course of one year. Zhang
(1964) conducted a one-year aeropalynological inves-
tigation from March 1962 to February 1963 in the Bei-
jing Zoo. In the 1980s, a nationwide investigation of
airborne pollen was conducted in 60 cities of 29 prov-
inces. More than two hundred researchers joined this
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project, which stimulated the development of aero-
palynology. Since then, more studies have been under-
taken on a continuous basis (Lai et al., 1982; Zhang et
al., 1984; Zhang and Wu, 1987; Ye et al., 1988; Fang
et al., 1989; Wang and Wu, 1990; ITAAPGC, 1991;
Fang et al., 1992; Chen et al., 1994; Sun et al., 1994;
Zheng, 1994; Ma et al., 1996; Li et al., 1997; Yang et
al., 1998; Fang et al., 2001; Han et al., 2001; Ji, 2001;
Su and Du, 2002; Xie et al., 2004; Zeng et al., 2004;
Meng et al., 2005; Shen et al., 2006).

In 1999, six monitoring stations were established in
urban areas of Beijing (Dai and Lu, 2000). The tem-
poral and spatial changes of airborne pollen in Beijing
and their relationships with meteorological factors
were discussed (Li et al., 2000; He et al., 2001; Zhang
et al., 2003; Xu et al., 2008). Using statistical meth-
ods, short-term models were devised and used to fore-
cast the daily changes of airborne pollen (Zhang et al.,
2006). Given the development and construction of the
city, airborne pollen should be analyzed continuously
at more sites, especially in dense population zones. It
will be helpful in the treatment of patients suffering
from pollen related diseases due to allergies.
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The aim of this study was to provide an aeropaly-
nological survey in Beijing Olympic Park and present
the type and abundance of airborne pollen during Au-
gust of three consecutive years (2005-2007). Further-
more, we discussed the daily variations of airborne
pollen and their relationships with meteorological fac-
tors. These studies would be important in helping to
ameliorate the atmospheric environment and prevent
the occurrence of pollen related allergies of people in
Beijing.

2 Materials and methods

The sampling station (40°01"21"N, 116°23'19"E, 74.0
m a.s.l.) was situated in the Beijing Olympic Park.
The airborne pollen was collected during August of
2005, 2006 and 2007. A Durham sampler was used to
capture the airborne pollen. The instrument was in-
stalled at a height of 1.5 m above the ground. Before
exposure, the slides were covered with glycerine jelly
mixed with basic fuchsin (Charpin and Surinyach,
1974). Slides in the Durham sampler were replaced at
08:00 h each morning and examined every day. Pollen
grains in the cover-glass area (24 mm x 24 mm) were
counted. The identification and counting of pollen
grains were performed under a Nikon Eclipse 801 light
microscope. The identification of pollen grains was
performed according to references published by Wang
et al. (1995) and Qiao (2005).

In order to verify the correlation between airborne
pollen and meteorological parameters, the daily val-
ues of meteorological parameters were obtained at the
sampling station, i.e., precipitation, temperature, rela-
tive humidity, sunshine duration and wind speed.

3 Results
3.1 Number of airborne pollen

As shown in Table 1, a total of 19550 pollen grains
were identified in this study. In August of 2005, 15057
pollen grains were observed; the average number of
daily pollen grains was 486, with the maximum (2235
grains) on the 31st and the minimum (39 grains) on
the 3rd and 4th. In August of 2006, 2717 pollen grains
were counted, with an average number of 94 grains, a
maximum of 253 grains on the 20th and a minimum
of 9 grains on the 8th. In August of 2007, 1776 pollen
grains were counted, with an average of 57 grains, a
maximum of 190 grains on the 31st and a minimum of
2 grains on the 3rd ( Fig. 1, Table 1). The total number
of pollen grains in August displayed a pronounced de-
creasing trend from 2005 to 2007.

3.2 Composition and daily variation of
airborne pollen

Six pollen types were identified during the three ob-
servation periods. The pollen producers were mainly
Gramineae, Humulus L., Artemisia L. and Chenopo-
diaceae. The pollen grains of Ambrosia L. and Pinus
L. were found sporadically in August of 2005 and
2006 (Table 1). Daily variations of each pollen type
are shown in Figs. 2—6.

Humulus pollen, occurred continuously in August
2005, was absent 3 d in 2006 and for 8 d in 2007. Dai-
ly variation of the number of pollen showed a fluctuat-
ing increase during August in the three consecutive
years (Fig. 2).

Artemisia pollen was missing for 8 d in 2005, for
7 d in 2006 and for 10 d in 2007. The daily number
of pollen increased in August 2005, while in August
of both 2006 and 2007, they showed an increase fol-
lowed by a decrease (Fig. 3).

Chenopodiaceae pollen was present continuously
and the daily numbers showed a fluctuating increase
in August in the three consecutive years (Fig. 4).

Gramineae pollen was recorded during August of
2005 and 2006 and occurred intermittently during Au-
gust of 2007 with a 10-day absence. The daily number
of pollen showed a fluctuating increase in August of
2005 and 2006, while it showed an increase followed
by a decrease during August of 2007 (Fig. 5).

The daily number of Ambrosia pollen showed a
multimodal pattern in August 2005 with a 6-day ab-
sence. In August 2006, Ambrosia pollen appeared
sporadically and was entirely absent during August of
2007 (Fig. 6).

Pinus pollen was found sporadically in August of
2005 and 2006; there was no record in August 2007.

3.3 Daily variation of meteorological factors

Figure 7 shows the daily variations of temperature
throughout August of the three consecutive years. It
indicates continuously high values, which were gener-
ally between 20 and 30°C, with only three days above
30°C (two days with 30.7°C and one day with 30.2°C)
in 2007.

As shown in Figs. 8-9, weather conditions were
characterized by a greater number of rainy days and
shorter mean daily periods of sunshine in the first half
of August than those in the second half of August.
From 1 to 17 August 2005, there were 9 rainy days
and 12 d with daily periods of sunshine of less than
7 h, while 1 rainy day and 8 d with daily periods of
sunshine of more than 7 h occurred from 18 to 31
August 2005. From 3 to 13 August 2006, there were
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Fig. 1 Daily variation of airborne pollen in Beijing Olympic
Park, August 2005-2007
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Fig. 2 Daily variation of Humulus pollen in Beijing Olympic

Park, August 2005-2007
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Fig. 3 Daily variation of Artemisia pollen in Beijing Olympic
Park, August 2005-2007

4 rainy days and 9 d with daily sunshine lasting less
than 5 h; from 14 to 31, 4 rainy days and 7 d with
daily sunshine lasting more than 7 h. From 1 to 16 Au-
gust 2007, there were 7 rainy days and 11 d with daily
sunshine lasting less than 10 h; from 17 to 31, 1 rainy
day and 12 d with daily sunshine lasting more than 7 h
(Figs. 8-9).

Figure 10 indicates that the mean daily relative hu-
midity in the first half of August of each of the three
years was generally higher than that in the second
half. From 1 to 17 August 2005, the daily relative hu-
midity ranged between 66%—-91% and 56%—78% from
18 to 31. From 3 to 13 August 2006, the daily relative
humidity was between 71%—86%, while from 14 to
31, the humidity decreased (47%—81%). From 1 to 16
August 2007, the daily relative humidity was gener-
ally more than 60%; from 17 to 31, it ranged between
48%—82%.
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Fig. 4 Daily variation of Chenopodiaceae pollen in Beijing
Olympic Park, August 2005-2007
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Fig. 5 Daily variation of Gramineae pollen in Beijing Olympic
Park, August 2005-2007
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Fig. 6 Daily variation of Ambrosia pollen in Beijing Olympic
Park, August 2005

The daily wind speed was less than 3.0 m's™ (gen-
erally between 1.5 and 2.5 m's™") during August of
each of the three years, with the exception of the 20th
(3.3 m's™!) of August 2006 (Fig. 11).

4 Discussion
4.1 Variation of airborne pollen

Previous studies indicated that two separate annual
peaks of airborne pollen occurred in Beijing. The first
one, in the spring—summer, was largely derived from
trees and shrubs, while the second one, in the autumn,
was attributed to herbaceous pollen ITAAPGC, 1991;
Xu et al., 2009). Generally, the autumn pollen peak
started in mid-August and lasted until the end of Sep-
tember. The major constituents of airborne pollen in
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Fig. 7 Change of daily temperature in Beijing Olympic Park,

August 2005-2007
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Fig. 8 Change of daily precipitation in Beijing Olympic Park,

August 2005-2007
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Fig. 9 Change of daily sunshine duration in Beijing Olympic
Park, August 2005-2007

this period include Humulus, Artemisia, Chenopodia-
ceae and Gramineae (Song, 1959; Zhang, 1964; ITA-
APGC, 1991; Xu et al., 2008).

In this study, the analytical results show a similar-
ity in the major composition of airborne pollen in
August of the three years. The dominant pollen types,
Gramineae, Humulus, Artemisia and Chenopodiaceae,
were similar to those of previous studies, although
the total number of pollen show a decreasing trend
from 2005 (15057 grains), 2006 (2717 grains) to 2007
(1776 grains) (Tables 1-2).

A previous study has demonstrated that environ-
mental change might have an effect on the type and
amount of airborne pollen (Katelaris and Burke,

2003). During the three years prior to the Olympic
Games of 2008, especially in 2005 and 2006, Bei-
jing Olympic Park experienced many changes in the
environment as new facilities were built and many
plantings undertaken. Therefore, many weeds, such
as Humulus, Artemisia and Chenopodiaceae, were up-
rooted, which constituted the principal contributors to
the autumn peak of airborne pollen in Beijing. These
factors could be a major cause of the pronounced de-
crease in the number of pollen in August from 2005 to
2007 (Table 1, Figs. 1-6).

4.2 Correlation between airborne pollen
and meteorological factors

Variations in airborne pollen concentrations result
from their response to dynamic conditions of the
medium in which the pollen grain is dispersed. The
fluctuation in the number of pollen is related to en-
vironmental changes and the vegetation component
in the local area. It is also strongly related to weather
conditions, such as precipitation, temperature, rela-
tive humidity, the amount of sunshine and wind speed
(Molina et al., 2001). Studies indicated that airborne
pollen concentrations are affected positively by tem-
perature, but negatively by relative humidity and rain-
fall (Molina et al., 2001). Although the total number
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Fig. 10 Change of daily relative humidity in Beijing Olympic
Park, August 2005-2007
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Table 2 Type and number of airborne pollen during August in different sites of Beijing

Baiwanzhuang  Beijing Zoo PUMCH MGHB BOP BOP BOP
(Song, 1959)  (Zhang, 1964)  (ITAAPGC, (ITAAPGC, (Xu, 2008) (present (present
1991) 1991) study) study)
1956 1957 1962 1986-1989 1986-1989 2005 2006 2007
Cupressaceae 8
Pinus L. 2 3 6
Betulaceae 5 4
Ulmus L. 1
Juglandaceae 3
Quercus L. 1
Salix L. 1
Gramineae 15 34 215 216 24 1025 1231 273
Zea mays L. 57
Sophora L.
Compositae 2 3 14
Artemisia L. 51 97 777 1773 1754 2021 343 189
Ambrosia L. 191 4
Helianthus L. 16
Xanthium L.
Chenopodiaceae 10 76 158 283 139 1608 548 756
Humulus L. 12 158 12 1508 1427 10209 585 558
Cannabis sativa L. 252
Ricinus communis L. 102
Liliaceae 2
Amaranthaceae 2
Plantago L.
Umbelliferae 1
Ricinus L. 7
Amaranthaceae
Cyperaceae 2 3
Cruciferae 12 11
Total 102 388 1613 3843 3375 15057 2717 1776

Note: PUMCH, Peking Union Medical College Hospital; MGHB, the Military General Hospital of Beijing, BOP: Beijing Olympic

Park.

of airborne pollen varied among August of each of the
three years in our present study, the changing pattern
of the daily number of pollen was remarkably similar
during this one month.

During the first part of August, the number of pol-
len was low and increased slightly. During this period,
the weather conditions were characterized by a great
number of rainy days, daily sunshine lasting for short
periods and high daily relative humidity (Figs. 8-10).
High and continuous rainfall and high relative humid-
ity might depress pollen dispersal in the air.

The daily number of pollen started to increase in
mid-August, i.e., the 18th of August 2005, the 14th of
August 2006 and the 17th of August 2007. The total

daily number of pollen reached its maximum on the
31st of August in 2005 and 2007 and on the 20th of
August in 2006 (Fig. 1, Table 1). In the second half of
the month, the number of rainy day was less, periods
of daily sunshine were longer and the daily relative
humidity was lower than those during the first half of
the month (Figs. 8-10). High temperature and long
periods of sunshine might accelerate the development
of flower buds and would be helpful for the suspen-
sion and dispersion of pollen grain in the atmosphere.
Throughout August of each of the three consecutive
years, daily temperatures showed continuously high
values, ranging between 20 and 30°C, (Fig. 7). The
daily wind speed was mostly less than 3.0 m's™ dur-
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ing August of the three years (Fig. 11). On the basis of
these data, we infer that daily temperature and daily
wind speed has little effect on the fluctuation of air-
borne pollen.

The comparison between airborne pollen data and
meteorological factors showed that low numbers of
daily airborne pollen were recorded during the first
half of August 2005, 2006 and 2007, which could be
attributed to high daily precipitation, high daily rela-
tive humidity and short periods of daily sunshine. The
significant increase of airborne pollen during the sec-
ond half of August could be correlated with low daily
precipitation, low daily relative humidity and long
periods of daily sunshine. During the entire month of
August, there were continuously high daily tempera-
tures and stable daily wind speeds, which should have
therefore little effect on the fluctuation of the number
of pollen in the atmosphere.

5 Conclusions

In August of 2005, 2006 and 2007, 19550 pollen
grains were identified. Four dominant pollen types,
including Gramineae, Humulus, Artemisia and Cheno-
podiaceae, were present. Ambrosia and Pinus pollen
were found sporadically in 2005 and 2006. The total
number of airborne pollen in August and daily values
for the major pollen types showed pronounced de-
creases from 2005 to 2007.

A similar change of the daily number of pollen
was recorded in August of three consecutive years. At
the beginning of August, the daily number of pollen
grains was low, started to increase from mid August,
with maximum values occurring towards the end of
August.

Comparative analysis of airborne pollen and meteo-
rological factors indicated that the number of airborne
pollen was affected positively by daily periods of sun-
shine, negatively by daily relative humidity and daily
precipitation. Long-term high daily temperatures and
stable daily wind speeds appeared to be less important
parameters for the fluctuation of airborne pollen in this
study.
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