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Pollen Seasons: Forecasts of the Most
Important Ailergenic Plants in Finland

A KoiNiKi^". R. KuriAs, Y. MAKINI'.N and A. POMJOI.A*

D c p l s , o l T c i i i a l i i i s a n d I S i i i l i m y , L ' l i i v c i s i l y d l I ' u r k u , I ' i n l a n d

OKHTTCTUO (ll airlxHiK- pollen in I'inlanil has horn sludic-d Ibi 10 years in Turku
(scuithern Finland), 8 years ut Oulu. •! years in Kiio|iio (ceiilral Finland) and 7 years at
Kevo (northern I.apland). Observations on the pollen seasons of alder, birch, grasses and
nui[;wort are presented. All these pollens oeetir in st)t]th and mid- Finland in quantities
( apable o leaus ing alloriry symptoms. Exeept lor biteh pollen, allergenie pollens oecur in
lar lower eoneentrations than in eentral Europe. In northern Lapland only bireh and
pine poUeti eoneetitrations are high. Pollens may oeeur without signs of loeal flowering
VVIH 11 there are southerly winds. This finding suggests that long-distance transport is an
essential eontributiriL; la(tor to the occurrence of pollens. There are wide year-to-year
\,ui;ttions in lhe start of pollen seasons and the quatitities of polletis. 1 he \'ariations in
llii- start of birch and glass pollen seasons couid very much depend on the tnean
teiii))etMture in April. llovvc\cr, a lotxuasting motlel based on this and other spring-time
t<-ilil)<'i aliire p,ii anielers olt<'ii f,iils to gi\e suffuiently accurate foreia.sts.
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CLINICAL ASPECTS
Except for birch polkii concentrations, pollen counts in Finland arc much lower
than those in central Europe. In clinical practice this means less symptoms for grass
pollen-sensitive subjects. According to grass pollen data, which have been
continuously recorded for many years, an essentially similar situation exists in all
Nordic countries. This fact could more often be taken into consideration as an
alternative way of treatment. For instance, an allergic patient could simply select a
place for his summer vacation according to data about pollen concentrations. The
details of local pollen forecasts are sufficiently accurate to allow a patient to prepare
himself by taking preventive medications.

Precise knowledge ol the occurrern e ol pollens
in the almosphere is an important tool in the
diagnosis and trealtnent oi hay fever. Contin-
uous survey and reporting of pollen occur-
rence is a loni; tradition in inany countries,
and on the basis of this work (1, 2) pollen
calendars have been eonstructed throughout
Europe, Pollen forecasts can be made with
some accuracy, e.g. in the ease of grass (5)
and birch jjollens (16),

The Finnish Aerobitilogy Ciroup.

Based on 10 yeai\s" obser'vations, the aim ol
this paper is to present the variations in timing
and magnitvrde of pollen seasons in foirr loca-
tions from south lo north Finland, The wide
variability in pollen occurrence is compared
with meteorological factors,

MATERIAL AND METHODS

The sampler used was a Hirst-Burkard trap
(Burkard Mamriacturing Co,, Ricknransworth,
Herts., England) (13), A Melinex tr-anspar-ent
plastic tape was made adhesive with toluol solu-
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Fig. 1. Map of the .sampling sites in Finland, Turku is
located in the hcmiborcal zone, Kuopio and Oulu in the
northern boreal zone and Kevo in the subarctic zone.

tion of vaseline and paraffin. The tape was
fixed around a drum, which was rotated by a
7-day clockwork at a speed of 2 mm/h, A
built-in vacuum pump continuously sucks air
through a slit against the adhesive tape, on
which the airborne particles were attached.
Daily sections of the tape (48 mm each) were
mounted in Gelvatol (polyvinyl alcohol) under a
cover glass. Pollen samples thus obtained were
not stained nor fixed. They remained in native
state and were easy to analyse. The results are
given as pollen grains per cubic meter air (p,g.
per m-') (13),

The sampling locations were the universities
of Turku (40 m above sea level), Kuopio (100
m) and Oulu (25 m) and the Subarctic Re-
search Station of Kevo (107 m) (Fig, 1), The
samplers were situated at approx, 15 m above
ground level except the Kevo sannpler, which
was placed at 5 m. The sampling period was all

the year round in Turku, from April to Novem-
ber in Kuopio and Oulu, and from May to
October at Kevo,

Start of pollination was cheeked by visual
observation,

RESULTS
AND COMMENTS

Observations about pollen occurrence are
shown in Figs, 2-5 as maxima, averages, and
minima ever obser-ved for a given calendar day.
Also presented is the number of years pollen
has occurred in the air. These are presented as
the means of 3 consecutive days, starting from
the onset of pollen occurrence. The ranges of
the beginning and end dates of seasons and the
maximum pollen concentrations in different
parts of Finland vary consideralily in differ-ent
years (Table 1),

The earliest observations and the appear-
ances of large amounts of pollen in the at-
mospheric air are given in Table 2, The corre-
lations of mean spring-time temperatures with
start of pollen seasons are given in Table 3, It is
shown that there is a significant negative corre-
lation between the mean temperature of April
and the start of the birch and grass pollen
seasons. The mean temperature of May has
clearly less importance on pollination. The
mean spring-time temperatures do not offer a
reliable basis for forecasting the start ol the
pollen season. There are deviations of more
than a week in the forecasts based on these
parameters.

Alder (Fig, 2)

Alnus incana (grey alder) occurs in the whole of
Finland and A. glutinosa (alder) as far as south-
ern Lapland, A. incana generally starts flowering
1 week earlier than A. glutinosa (6), 'Fhe two
speeies probably share common major allergens
(10),

The beginning of alder (lowering varies within
limits of 1 month, ^^he variation in pollen
amounts is large, because the weather is unstable
in April, For example, in Turku the maxi-
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Fig. 2. Occurrence oi Almu (akicr) in Turku, Ktiopio, Oulu and Kcvo. Maxima, averages atid minima in a given day arc
presented. Note the iogai"i(ittttic presentation. Number of" years show in how many ycar.v airbortu' pcilion has occurred out of"
observed years. Tliis is calculated as the moans oi 3 consecutive days starting irom the onset oi' iloweritig.

mum probability of alder pollen occurrence days without airborne pollen than in south-
during season on a given day is only 60 % (Fig. western Finland. Most of the alder pollen may
2). In central Finland (Kuopio and Oulu) there be shed into the air within a lew days. This
is a more regular alder pollen .season with less happens when the pollen season has a sudden



236 A. KOIVIKKO K'l- AL.

BETULA
BIRCH

l l i t t i / , 1 ( h i n h ) p o l l i - n . i M i i - i - . x p l a n : i t i ( . i , , s e c I ' i t ; . 2 I C L ; C I U I .

late start with very warm weather. The lore- Orey alder is the only alder six'cies in the
casting ol alder pollen is therelore vnipre(lietal)le extreme north, and rare. This explains the
and subject to large errors. In sonlli and central short season and low maximum IVequeneies.
Finland airborne alder pollen grains may oeeur 'rhere is a low oecnrrenee of aiihorne alder
until the end of June. pollen from May to mid-June.
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POACEAE
GRASSES

UUl U I97A - I V I )

KtJOrlt) 1910 - ! « • !

i . / ^ .^A^ ;., _̂

l''ig. 1. I'liaic.ii- (gras.scs) piilii-n. I'Dv cxp lana l i i i n , s rc Fig. i

'File three hirrh speiies in lMnland: Brtiila prn-
dula (silver l)U'(li). 1^ piihriinLs (hiich) and M.
riana (dwarf bireh) grow throughout the country.
All these species probably have highly eross-
reaeting allergens (10). H. pendula starts llowei-
ing 1-2 weeks earlier than B. pubescen.s. The
beginning of flowering sh(7w.s large variation.
'Fhe mean temperature in A|)ril, wliieh \'aries

between 1.4 and 3.3° (̂ . inlUieiues the begin-
ning of bireh pollination (Table 2).

Most of the bireh pollen observed in April m
southwestern lMiiland and in May in the north,
oec ins with south or southwestly winds, indieat-
ing Iong-(]istaiue transport. At the same time
there are no sisible signs of loeal llowermg.
Another explanation is that strong winds are
capable of shaking pollen grains out of loeal
trees before the aetual flowering. Ruth flower-
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K l V O 197 7 - I 9 H 1 ARTEMISIA
MUGWORT

OUIU 1976 - I9B)

KUnPIO 1960 - 198}

JUl Y 1

lUHKU I97« - 198)
«VI R«C(
NINIMUH

JUH T AUCUSI

I'ig. 5. Artemisia (mugworl) pollen. I-'or cxplanalion, .st-c I'̂ ig. 2 legend.

ing generally starts approximately 1 month later eal signifieanee is not elear. The pollen may
in the north than in the south. have a partial laek of protein material, Bireh-

A few pollen grains are known to oecur in the sensitive patients have been observed to start
air all the year round. These findings are prob- having symptoms when birch pollen reaches a
ably due to secondary emissions, and their clini- concentration of 200 p.g. per m' (17). This
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concentration is exceeded in all parts of Finland

over a season of 1-4 weeks. Allergic patients

Irom European countries where birch does not

grow may be allergic to birch owing to partial

immunologieal identity between birch pollen

allergens and those of several fruits and vege-

tables (7).

Grasse.'i (Fig . 4)

Approximately 40 genera of grasses are repre-

sented in Finland. Various species have diffe-

rent flowering times. Some of these species have

much the same allergens, while in others they

differ (10). Anthoxanthum odoratum (sweet ver-

Table t

Dale range ot pollen seast)n.s and inaxiniuni ttaity concentrations observed in I97't to

Turku
Kuoijio
Oulu
Kcvo

Hirch

Turku
Kuopio
Oulu
Kevo

Crassi'S

Turku
Kuo|jio
(Julu
Kevo

Mu/iwort

Turku
Kuopici
Oulu
Kevo

Slart of pollen

Earliest

Mairh
April
Aptil
May

April
April
April
May

May
May

May

June

J u l y

July
,]uly
Aug.

11

13
4

2

16

21

22

'̂

14

23
26

14

17
11
24
23

occurrence

Latest

April
April
A|)ril
May

May
May

May
May

June
June
June
July

July
July
Aug.
Sept.

7

14
17

14

8

16

17
22

()

6
It

19

29
26
11

3

Range of yearly

maximum values
per m'

25-1134
142-58t)
26-305
4-12

124-5859
696-2997
288-5039
207-H07

4ti-l 12
50-187
40-263

8-29

22-126
11-32
11-23
5-22

End of pollen

Earliest

May

May
May
May

June
June
June
June

Sept.
Sept.
Sept.
Aug.

Sept.
Aug.
Aug.
Aug.

9
18
2)

8

15
15

19
29

11
9

9
19

9

20

12
24

occurrence

Latest

Sept.
Jiuie
June
June

July
,Iuly
July
July

Oct.
Oct.
Nov.
Sept.

Oct.
Sept.
Oct.
Sept.

25

17
18

17

15
20

28
31

19

19

2

10

19
29

9

Table 2

Stan of birch and grass pollen seasons and mean temperature in April and May in 1974 to 198S

1974
1975
1976
1977
1978
1979
1980
1981
1982
t983

Mean

April

3,2

3.7

2.0
1.4

1.5

2.1
5.3

2.0
2.6

5.2

temperature

May

8.0

I t .5
to.9
9.1

10.3
10.1
8.1

11.7
8.7

It.2

Birch

1st obs.

May 4
Apr, 16
May 4
May 4
May 5
May 2
Apr, 30
May 8
May 1
Apr, 20

po/len

> 100/m''

May t7
May 6
May tt
May 5
May t6
May 21
May 5
May 12
May 6
May 5

Grass

1st, obs.

May 20
May 14
June 4
June 6
May 31
May 23
May 18
May 24
May 27
May 17

pollen

> 30/m'

June 19
June 8
June 25
June 15
]une 15
June 17
June 11
June 23
June 27
June 15



240 A. KOIVIKKO ET AL.

nal-grass) and Hierocliloe (holy-grass) speeies are
the first to flower in the spring. Their pollen
amounts are generally low, as they seldom grow
in such large quantities as Alopecurus (fox-tail)
and Phleum praten.se (UvnoXhy). The start of flower-
ing may have 1 month's variation, and between
south and north there may be a diiferenee of 2
months. Some species have a second flower-
ing period in the aultimn. If the autumn is
warm a few jjollen grams can occur in south
and central l^nland until the end of October.
This can sometimes be associated with symp-
toms in hay fever patients. The mean tem])eia-
ture in April (1,4 to 5.'5°C) has a signifuant
negative eorrelation with the first occurrence of
grass pollen. The mean temperature in May
and the beginning of June roughly determines
the date when grass pollen com entration ex-
ceeds 30 p,g, per m' (Table 3),

In general, the amount of grass pollen is far
lower than that reported for central l'.urope and
Great Britain (1), In laet, the limit of 50 p,g, per
111', at whieh all grass pollen-sensitive subjects
have symiJtoms (Uavies, R, R, & Frankland, A,
W,: oral eommunieation), is only irregularly
exceeded in Finland, A hay fever patient may
experience that a therapy which is adequate in
I'inland will not prevent symptoms when travell-
ing in Central Euro|)ean countries. And, vice
versa, a hay lever [jatient from central Fairope
may experience far less symptoms in Finland
than at home. A similar situation regarding grass
pollen concentrations occurs in all Nordie eotin-
tries north of Denmark (3, B, 11, 12, If)).

T a b l e 3

C i o i r e l a t i o n s o ! t h e d a t e s ot first o b s e i v a t i o n a n d > H)()

po lU 'n g r a m s p e r ITI ' ot b i r c h i x i l l e n , a n d t h e d a t e s ol l u s t

o b s e r v a t i o n a n d < 3t) [ )ol len g r a i n s p e r r n ' ol g r a s s p o l l e n to

t h e m e a n t e t n p e t a t u r e in Aj j t i l a t i d M a y

Mean
temper

April
May

April +

ature

May

Binh po

1st obs. >

-0.62
-0.27
-0 56

lien

• l O O / t n '

-0.59
-0.27
-0.57

Grass

1st obs.

-().»:)
-o.:io
-O.(,7

pollen

> 30/ni''

-O.(,t)

-().:) 7

- O . ( , l

>t).497 9t)% of signilicanir
>O.57(i 9 5 %
> 0.708 9 9 %
> 0.823 99 .9%

Muiiwort (Fig. 5)

Seven Artemisia (wormwood) species occur in
Finland. A. vtiljiaris (mugwort) is the coni-
monest and occurs as lar up as 67° N. It is
rarely met in northernmost I'inland, 1 he start
of flowering has 1-2 weeks' vaiialion; the dif-
ference between Otilu and Ftirkti is I week.
The nuigwort pollen season in south l'lulatid
lasts from about July 20 to September IT), and
only in south I'inland is there a regular pe;ik
season. In Kuopio the pollen season generally
starts 1 day later than in the south, bi.it the
season is shorter. Also mugwort may have a
second flowering period, and a lew pollen
grains occur in the south even during October,
and 111 central Finland during September.

Othn.s

I'lrius syliw.stri.s (pine) and Picea ahie.s (sprtiee)
pollens occur at the beginning of June. Pine
pollen concentrations are generally high, (u|i to
2000 p,g, per m' in the whole country. .Spriuc
does not llower every year. The flowering ( yi le
evidently lasts 4 years. The highest pollen KIII-
eentialions in south l'^inland have been 180 |),g,
per 111'. Less than 1 % of the patients undergo-
ing rotitine skin pri<k tests in our hospital show
]3ositive reactions to pine and spruce pollen
extraets. Some ol them have symptoms which
may be due to these pollens.

Corylus avidlana (hazel) occurs in low quan-
tities in southwestern Finland, where it plays an
allergenic role in limited geographical areas.

Approximately .30 Sali.x (willow) S|)e( ies and
their hybrids oeetir in l''inland. They are eiito-
inophilous (insect pollinated) plants, but air-
borne pollen also occurs in amounts catisitig
allergie symptoms in south Finland from the
end ol A|)ril to June. In northern Finland pol-
len amounts are lower.

Airborne pollen of Urtica dioica (nettle) oettns
in south Finland from June to August with
daily eoncentrations which soinetiines exceed
100 p.g. jjcr in'. This may not be enough to
cause symiMoms in signillcant numlxns of
patients, because these pollens are small, 10-If)
nm. Bireh pollen grains are substantially laiger
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(25 |J.m), and 200 per m' are needed before
causing symptoms in sen.sitive subjects (17).
Grass pollen grains measure abotit 30 |xiii in
diameter, and are estimated to cause symptoms
in .sensitive subjects when the pollen count
exceeds 50 per m' (Daxies, R, R, & Frankland,
A, W,: oral comnujnuation). Only a few per-
cent of the subjects routinely tested in .skin prick
tests 111 our hospital show positive reactions to
nettle, I hey do not generally show symptoms
which could be associated with nettle pollen,

I'araxaeiim oflic inale (dandelion) and Leucaii-
themum vtilj^arc (oxeye daisy) pollen occXir
extremely rarely in traps located at roof level.
On the other hand, their |)ollen occur in rela-
tively high eoncentrations at ground level,
espeeially if the vegetation is agitated (9), Both
these pollens partially share common alleigens
with mugw'oi t (10).

DISCUSSION

According to ouv experience, pollen con-
centrations can be reliably predicted when the
season has started, provided the general
weather forecasting holds true. A real break-
through, from the ])oint of view of allergie
patients, wotild be sc-veral weeks' forecast. The
use of mean temperatures, rather than mean
long-term pollen data makes, it jiossible to
obtain c loser estimates of lust pollen occ urienc e
and first high eoncentrations. This will not suc-
ceed as well as grass pollen forecasting in l''.ng-
land and central liuio|)e (4, 5). Probably more
so|3histicated models will be necessary. Sueh a
model has been suggested by 1 c">i nevik for birc h
pollen 111 Sweden (l(').

'I'lieie are many lac tors in l''iniand compared
with central l''.urojje which may make forecast-
ing eomplieated. l'he winter may be cold and
the deeply frozen soil will be late in thawing.
'Phus, in spite of a normal mean spring tem-
perature, pollination will be- delayed.

An exceptionally warm iieiiod in spring and
summer is possible if the east-European "conti-
nental" air mass stays over Finland. If sueh a
situation occurs, there will be a sudden inc lease
in pollen amounts very early in the spring. This
may be further amplified by an adaptive meeh-

anism in northern plants. Binhes in Lapland
have the pcjtential to start pollination alter a
shorter warm period than birches in southern
Finland (14), This may hold true for other
plants as well. It is also possible that instead of
warm periods, there may be ehilly periods. I'his
means that even in south Finland snow-fall and
daily n)ean temperatures below 0°C are possi-
ble at the beginning ol June. It is not known
whether these periods alleet the viability ol pol-
len-proc hieing niec:lianisnis.

ln both southern and northern l'̂ inland there
is a period before the "real" birch pollen sea-
son, during which a long-distance ti-ansport of
pollen seems to be the only explanation for
pollen oeeurrenee. If this is true, local tempera-
ture fac tors alone will not be ablc~ to explain theeaih'
bireh pollen oeeurrenee, but also the wind para-
meter should be taken into consideration.

The presc>nted material shows- that the pollen
oeeurrenee m Finland as well as in other Nordic
countries (3, 8, 11, 12, 15) differs very much
from that ol central Europe (2). I'his difference
mostly favors allergic |)atients except those sen-
sitive to birch pollen. The nordie climate and
the aeclimatizec-l x'egetation appear to be factors
which make it elilfieult \o leireeast peillen oeeur-
renee.
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