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The old calendar of pollens did not reflect current pollen distribution and concentrations that can be influenced by changes of weather and environ-
ment of each region in South Korea. A new pollen calendar of allergenic pollens was made based on the data on pollen concentrations obtained in
eight regions nationwide between 1997 and 2009. The distribution of pollen was assessed every day at 9 stations (Two Seoul sites, Guri, Busan,
Daegu, Daejeon, Kwangju, Kangneung, and Jeju) for 12 years and at 3 stations (Jeonju, Ulsan, and Chuncheon) for 3 years among 12 pollen collec-
tion stations. Pollens were collected by using Burkard 7-day sampler (Burkard Manufacturing Co Ltd, UK). Pollens which were stained with Calber-
la's fuchsin staining solution were identified and counted. Pine became the highest pollen in May, and the pollen concentrations of oak and birch
also became high. Ragweed appeared in the middle of August and showed the highest pollen concentration in the middles of September. Japanese
hop showed a high concentration between the middle of August and the end of September, and mugwort appeared in the middles of August and its
concentration increased up until early September. In Kangneung, birch appeared earlier, pine showed a higher pollen concentration than in the other
areas. In Daegu, Oriental thuja and alder produced a large concentration of pollens. Pine produced a large concentration of pollens between the
middle of April and the end of May. Weeds showed higher concentrations in September and mugwort appeared earlier than ragweed. In Busan the
time of flowering is relatively early, and alder and Oriental thuja appeared earliest among all areas. In Kwangju, Oriental thuja and hazelnut ap-
peared in early February. Japanese cedar showed the highest pollen concentration in March in Jeju. In conclusion, update information on pollen cal-
endar in South Korea should be provided for allergic patients through the website to manage and prevent the pollinosis.
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INTRODUCTION

Allergic diseases related to pollen grains are called pollinoses
and include allergic rhinitis, allergic conjunctivitis, asthma, and
atopic dermatitis. Recently, numerous studies of allergic plants
have been conducted in the United States and Europe, and the
resulting information about allergic plants has been provided
to allergy patients and the general public."?

Bostdck reported that pollen grains may cause diseases in
humans.* In the United States and Europe, epidemiological
studies of airborne pollens have been continuously performed
since the 1960s,>° and close relationships between pollens and
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allergic or pulmonary diseases have been reported since 1980.
Information about clinical skin test reactions to various pollen
grains has recently been provided to allergic patients and the
general public through a website. In Korea, allergic pollen grains
were studied in the early 1980s.” Recently, the frequency of pol-
linosis, including allergic rhinitis, has increased in children, and
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many studies have investigated the relationships between the
concentrations of allergic pollens and the clinical manifestations
of allergic diseases.® Thus, there is a necessity for pollen fore-
casting or a pollen calendar for Korea in order to prevent or
reduce the prevalence of pollinosis.* "

Pollen grains are produced by various plants, but not all pol-
len grains cause allergic diseases. Plants can be classified as
anemophilous or entomophilous according to their pollination
process. Entomophilous flowers produce heavy pollen grains
that are transported by insects, so these pollens are produced
in small amounts and rarely cause allergic diseases. In particu-
lar, entomophilous pollens have clinical implications in cases
involving gardeners or horticulturists. In contrast, because light
anemophilons pollen grains are transmitted by the wind, they
are produced in large amounts. These grains are associated with
allergic diseases because they contain special apparatuses, such
as air sacs, and can travel great distances in the air. The size of
pollen grains is closely related to the development of allergic
diseases, and most of the pollen grains which can induce aller-
gic diseases have sizes of 20 to 60 pm."? Because the diameter of
bronchioles is 3 to 5 um, pollen grains with diameters smaller
than 5 um can reach the bronchioles. Asthma induced by pol-
lens may be explained by the mechanism in which aeroaller-
gens are inhaled, mix with sputum, and adhere to the respirato-
ry mucosa. Another plausible mechanism is that some grains
dissolve in airway mucus before being swallowed and entering
the gastrointestinal tract."'®

Collection and identification of pollen grains

The distribution of airborne pollen grains was assessed daily
at eight locations nationwide between July 1, 1997 and June 30,
2009. A Burkard 7-day sampler (Burkard Manufacturing Co Ltd,
Hertfordshire, UK) was installed at a height of 1.5 meters above
sea level. The pollen collection areas were (1) Hanyang Univer-
sity Seoul Hospital, (2) Seoul Meteorological Station in the
Seoul metropolitan area, (3) Hanyang University Guri Hospital
in the north-central region of South Korea, (4) Kangneung Asan
Hospital and (5) Kangwon National University Chuncheon
Hospital in the north-east, (6) Daejeon Meteorological Station
in the central, (7) Kwangju Veterans Hospital and (8) Jeonju Je-
sus Hospital in the south-west, (9) Daegu Fatima Hospital in
the south-east, (10) Busan St. Maria Hospital and (11) Ulsan
Dongkang University in the far south-east, and (12) Jeju Uni-
versity Hospital on Jeju Island, the most distant of the southern
islands (Fig. 1). Airborne pollens were collected every day from
all samplers at all collection sites. The samples were sent every
week to Hanyang University Guri Hospital, which was respon-
sible for determining pollen concentrations. After each glycerin
adhesive plastic was stained with Calberla’s fuchsin staining so-
lution (glycerin 10 mL, 95% alcohol 20 mL, distilled water 30
mL, and basic fuchsin 0.2 mL), the number of pollen grains per
m?® was calculated at a magnification of X400." Pollens were
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Fig. 1. The twelve pollen collection stations in South Korea used in this study.

morphologically identified and classified by their size, color,
pore shape, and surface pattern, with reference to the distribu-
tion of nationwide allergy-related plants such as trees, grasses,
and weeds.”® Weather conditions on each collection day were
recorded throughout the collection period and their associa-
tions with pollen distribution were assessed.

Classification of pollens that cause allergic disease in Korea
Trees

Gymnosperms

Cypresses: The pollen size ranges from 20 to 30 pm. This pol-
len appears from the middle of February and is well known to
induce allergic rhinitis. Juniper, cypress, and cedar belong to
the Cypresses.

Pinus: The pollen ranges in size from 45 to 65 pm. This pollen
has two sacs, and it rarely causes allergic diseases. Pines and
spruces belong to Pinus (Fig. 2A).

Angiosperms

Most allergenic trees belong to this group.

Betulaceae: This pollen appears in late February (early spring)
and has a strong potential to induce allergic diseases. The
pollen size ranges in size from 20 to 30 um. This pollen has
three pores and a thin exine. Alder (Fig. 2B), hazelnut (Fig. 2C),
and birch (Fig. 2D) belong to this family.
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Fig. 2. Common allergic pollens that cause pollinosis in Korea. (A) Pine, (B) al-
der, (C).hazel, (D) birch, (E) oak, (F) willow, (G) mugwort, (H) ragweed, and (I} pig-
weed.

Fagaceae: This is an insect-borne pollen. This pollen appears
in late March and is a representative of those allergens that in-
duce pollinosis. It has a diameter of approximately 40 pm and
has an irregular exine and three characteristic furrows. Beech
and oak (Fig. 2E) belong to this family.

Salicaceae: Most of the Salicaceae pollens are insect-borne,
although poplar is airborne. This pollen has a strong allergenic-
ity. It has a diameter of 20 to 34 um and has a thick intine. It
appears between May and June. It has many pistils and
stamens, which do not usually induce allergic diseases,
although they sometimes induce contact hypersensitivity
reactions. Willow (Fig. 2F) and poplar belong to this family.

Ulmaceae: This pollen induces pollinosis between May and
June. It has a diameter of 30 to 40 um and has five furrows and a
thick, wave-like exine.

Grasses

Grasses related to allergic diseases belong to the order Grami-
nales. Their pollen has a diameter of 20 to 25 um and has one
pore or furrow and a relatively thick intine. These pollens are
airborne between the end of April and November, and have a
strong allergenicity, partly because these plants are cultivated
in densely-populated areas, leading to a high prevalence of pol-
linosis. Tens of different species are found in Korea. Although
individual pollens are difficult to discriminate by light micros-
copy, this has no clinical implications because they cause simi-
lar allergic reactions. Korean lawn grass, timothy grass, Bermu-
da grass, and orchard grass are frequently found in Korea.

Weeds

Weeds are not usually cultivated and are distributed on the
roadside or in creeks near the homes of many people. These
pollens become airborne in late summer and are the main
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cause of pollinosis in the autumn.

Asteraceae: These are most commonly found in Korea during
the autumn. Sagebrushes (Artemisia) and ragweeds (Ambrosia)
are representative pollinosis-causing weeds.

Tribe Asteraceae: This pollen has a diameter of 20 to 30 um
and has three furrows and a relatively thick exine. This is the
main plant that causes pollinosis in the autumn (Fig. 2G).

Tribe Ambrosiae: This is a common cause of pollinosis in the
autumn. It was imported from the United States in 1970, and
became an important allergic pollen in the early 1980s. It is
currently reported as a representative pollinosis-causing pollen
nationwide. Ambrosia trifida (giant ragweed) and Ambrosia
integrifolia, which has a stalk of 1-2.5 m, as well as Ambrosia
artemisiifolia (short ragweed), which has a stalk of approximate-
ly 1 m, are representative of this species. This pollen has a diam-
eter of 15 to 20 pm and has a multiple-thorned, ball-shaped,
thick exine (Fig. 2H).

Amaranthaceae and Chenopodiaceae: After mugwort and
ragweed, these are the most frequently detected pollens. They
are important causes of autumn pollinosis. They have a golf
ball-like appearance, which allows for easy identification, and
have a diameter of 20 to 30 um. It is difficult to discriminate
between these two families using light microscopy, so they are
designated as Chenopod-Amaranth in airborne pollen surveys
(Fig. 2I).

Cannabaceae: This long-lived plant family includes voluble,
diclinous, and annual plants and blossoms between August
and September. It grows nationwide in fields, empty lots, and
near creeks. It is found ubiquitously in embankments and
apartment walls in cities and their suburbs. It grows wild in the
Seoul metropolitan area where it is an important cause of
autumn pollinosis. Japanese hop belongs to this family.

Characteristics of pollen distribution in Korea

Pollens are spores derived from stamens and can be divided
into trees, grasses, and weeds. In Korea, allergenic pollens
appear at temperatures =10°C between February and Novem-
ber. The peak seasons are spring and fall; thereafter concentra-
tions of these pollens decrease abruptly. Tree pollens are main-
ly observed between March and May, grass pollens between
May and September, and weed pollens between August and
October. Trees include pine, oak, alder, and birch, of which pine
accounts for 70% of all tree pollens. Grass pollens are difficult to
discriminate from other pollens using light microscopy; detailed
classification of these species can be accomplished using elec-
tron microscopy. Japanese hop, mugwort and ragweed belong
to this family.

Pollen concentrations and weather conditions

Pollen concentrations are closely related to general weather
conditions, such as temperature and rainfall. Temperature and
rainfall are particularly important determinants of pollen
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Fig. 3. Correlation between allergic pollen concentrations and air temperature.
Pollens were collected at air temperatures = 10°C.

concentration. Pollens are heavily concentrated at 10-30°C,
which is the most suitable temperature for plant growth (Fig. 3).
High concentrations of pollen occur on days without rainfall.
More pollen grains are airborne when the atmospheric temper-
ature rises immediately after rainfall.

Climate changes and increased pollen concentrations

Since the 1900s, remarkable climate changes have occurred
due to rapid industrialization. Atmospheric temperature has
increased due to the greenhouse effect secondary to the
increased atmospheric CO. concentration. Weather conditions,
including CO. concentration, rainfall, atmospheric temperature,
humidity, wind speed, and wind direction may alter the
concentrations of plant pollens and other allergens, which can
subsequently influence the occurrence of asthma or allergic
rhinitis. Many studies have demonstrated that CO. concentra-
tion and increased atmospheric temperature increase pollen
concentration. Ziska et al.** reported that the atmosphere
contains high levels of CO: concentration due to rapid industri-
alization. They also predicted that pollen levels would rise due
to increased CO: concentration. Previous studies have demon-
strated a significant relationship between pollen level and
elevated atmospheric temperatures, and that pollen concentra-
tions are higher in cities that have both a high atmospheric
temperature and a high CO, concentration than rural areas.”*

Climate changes and pollen characteristics

A characteristic of climate change is that flowers blossom
earlier and fall later, subsequently extending the duration of
pollen production. For this reason, the annual amount of
pollen has increased. It is well known that the distribution of
plants, as well as the allergenicity of their pollen, have continu-
ously changed. When subjects are sensitized to airborne pol-
lens and are exposed to increased air pollution, allergic disease
activity increases and clinical symptoms are aggravated. Such
changes represent a serious global public health concern. To
minimize the occurrence of clinical manifestations in allergic
patients, a pollen calendar for Korea was developed between
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Fig. 4. A calendar of allergic pollen used nationwide since 2004 which uses
pollen data collected from 1997-2002.

1997 and 2002 (Fig. 4). However, because this calendar was
based on the mean concentration of pollen nationwide, it did
not reflect the regional characteristics of pollens and may be
inaccurate due to recent changes in the climate. Therefore, it
was necessary to develop a new calendar that included the
geographic and monthly distribution of pollens and included
data obtained after 2004. The old calendars were also modified
by deleting data that did not match the dates of pollen distribu-
tion as reported in previous research.

Pollen calendar

A new pollen calendar was developed based on the pollen
concentration data obtained in the eight locations listed above
between 1997 and 2009. Briefly, pine was the most common
source of tree pollens. Overall, tree pollens were detected at
higher concentrations than grass or weed pollens. Pine, alder,
oak, and birch produced higher pollen concentrations between
April and May. Japanese cedar and common sorrel produced
higher concentrations of pollens on Jeju, which is isolated from
the mainland of the Korean Peninsula.

In terms of regional variation, alder, birch, cedars, and orien-
tal thuja began to produce pollens in February, after which
their concentrations increased. In Seoul and Guri, pine pollen
concentration was very high in May, when the concentrations
of oak and birch pollen were also high. Common ragweed
appeared at 5/m?/day in the middle of July; its concentration
was highest in the middle of September. Japanese hop pollen
levels were highest between the middle of August and the end
of September. Mugwort pollen appeared in the middle of
August and its concentration increased up until early Septem-
ber (Fig. 5). Birch pollen appeared earlier (early February) in
Kangneung than in the other areas; pine pollen also appeared
at higher concentrations in Kangneung than in other areas (Fig.
6). However there is not enough data to make a pollen calendar
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Fig. 5. Anallergic pollen calendar for Seoul and Guri. Fig. 6. Anallergic pollen calendar for Kangneung.
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Fig. 7. Anallergic pollen calendar for Daegu. Fig. 8. Anallergic pollen calendar for Busan.
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Fig. 9. Anallergic pollen calendar for Daejeon. Fig. 10. An allergic pollen calendar for Kwangju.
in Chuncheon because pollens were collected since 2010. In
the Daegu area, oriental thuja, alder, and juniper produced a
large amount of pollens in March. Pine produced a large amount
of pollen between the middle of April and the end of May. Weed

pollen concentrations were higher in September as in the other
areas, and mugwort pollen was produced earlier than common
ragweed pollen (Fig. 7). In Busan, flowering occurred relatively
early, and alder and oriental thuja pollens appeared here before

Allergy Asthma Immunol Res. 2012 January;4(1):5-11. http://dx.doi.org/10.4168/aair.2012.4.1.5 http://e-aair.org 9



Oh et al.

Larch
Chestnut
Beech
Juniper
Japanese cedar
Oak

Willow

Maple
Hazelnut
Popular

Elm

Birch

Pine

Alder
Sycamore
Sorrel
Chrysanthemum
Plantain
Japanese hop
Pigweed
Mugwort
Ragweed
Grasses

Jan. | Feb. | Mar | Apr. | Mayy Jun.| Jul | Aug.| Sep.| Oct | Nov. | Dec.

1-5 6~10 11-20 2140 41-80 81~160 161~320 321-640  641~1200 1201~2400

Fig. 11. Anallergic pollen calendar for Jeju.

they did in other areas (early February) (Fig. 8). However there
is not enough data to make a pollen calendar in Ulsan because
pollens were collected since 2010. In Daejeon, birch and alder
produced pollens earlier than in the other areas. Pine pollen
was present at high levels between the beginning of April and
the end of May (Fig. 9). In the Kwangju, oriental thuja and ha-
zelnut pollens appeared in early February (Fig. 10). But there is
not enough data to make a calendar in Jeonju because pollens
were collected since 2009. In the Jeju area, Japanese cedar
pollen appeared at higher concentrations than in other areas in
March and peaked between the middle of February and March.
Additionally, common sorrel pollen appeared at high levels
between May and June. These results reflect the characteristics
ofJeju (Fig. 11).

In conclusion, the pollen calendar in South Korea made
between 1997 and 2002 does not reflect current pollen distribu-
tion and concentrations, because these have been altered by
changes in the weather and environment. Therefore, updated
information on pollen distribution and concentration in each
region should be provided to the general public and allergy
patients through a website in order to manage and prevent
pollinosis.
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