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Abstract The diversity of airborne pollen grains in

El-Hadjar town (northeast Algeria) was measured for

1 year, from July 1, 2012 to June 30, 2013, by means

of the gravimetric method using Durham apparatus.

The total number of pollen grains/cm2 was calculated

from slides that were changed daily. This aerobio-

logical study documented the air concentration of

pollen from 50 taxa, where 28 belonged to arboreal

and 22 to non-arboreal taxa. The percentage of pollen

from arboreal and non-arboreal taxa was 56 and

44 %, respectively. From the list, the major collected

taxa causing allergy in humans dominant in the

Mediterranean area were Cupressaceae (14.86 %),

Olea sp. (7.18 %), Casuarina sp. (6.44 %), and

Fraxinus sp. (3.83 %) among arboreal plants,

whereas for the non-arboreal plants Poaceae

(23.20 %), Mercurialis sp. (12.58 %), Plantago sp.

(1.69 %), Urticaceae (0.95 %), and Chenopodiaceae

(0.85 %). The highest pollen counts occurred in the

period from February to April. The pollen calendar

for the region presented in this paper may be a useful

tool for allergologists and botanical awareness.

Keywords Pollen calendar � Pollen allergy �
Aerobiology � Airborne pollen � Algeria

1 Introduction

Many grasses, trees, and weeds produce sufficient

quantities of lightweight pollen to sensitize genetically

susceptible individuals (Esch et al. 2001). Airborne

pollen grains, which are produced in particular by

anemogame plant species, are significant organic

bioaerosols (Tosunoğlu et al. 2013); they are the most

important source of allergens in the atmosphere (Çeter

et al. 2012). Thus, pollen allergy is a seasonal disease,

and its symptoms are associated with the presence in

the abundance of airborne pollen grains (Piotrowska

and Kaszewski 2009), where approximately 60–75 %

of seasonal rhinitis patients have positive skin test

reactions to weed pollens, 40 % to grass pollens, and

10 % to tree pollens (Esch et al. 2001). Airborne

pollen and fungal spores are common triggers of type I

IgE-mediated allergic reactions in patients with rhini-

tis and bronchial asthma (Al-Frayh et al. 1989).

Subsequently, symptoms that normally affect most

people with pollen allergy are sneezing, itching, nasal

discharge, and ocular itching. (Sánchez-Mesa et al.

2005).

In each geographic area, there is a succession of

different flowering species throughout the year, so it is

important to document the timing, floral intensity, and

types of airborne pollen in different locations,
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especially in highly populated cities (Boi and Llorens

2013). It is therefore a vital goal; however, these data

prove helpful in the treatment for patients suffering

from plenty of diseases (Erkan et al. 2011).

For this reason, pollen calendars have been pre-

pared all over the world for several years by various

studies to determine and evaluate airborne pollen grain

dispersal (Chabert 1971; Korteby et al. 1977; Chen

and Huang 1980; Savitsky et al. 1996; Biçakçi et al.

1999; Rojas-Villegas and Roure-Nolla 2001; Giner

et al. 2002; Yang et al. 2003; Weryszko-Chmielewska

and Piotrowska 2004; Hasnain et al. 2005; Chauhan

and Goyal 2006; Stefanic et al. 2007; Vergamini et al.

2007; Al-Qura’n 2008; Chafai-Ketfi et al. 2009;

Altunoglu et al. 2010; Pérez-Badia et al. 2011;

Ianovici et al. 2013; Tosunoğlu et al. 2013). The

allergen calendar compiled for each region of a

country can be used in allergy clinics and hospitals

for symptom correlations and subsequent selection of

allergens for diagnosis and treatment (Ianovici et al.

2013). Allergenic-pollen-producing plants typical of

the Mediterranean climate are Parietaria, Olea, and

Cupressaceae. However, during the last 30 years or so,

aerobiological and allergological studies have been

developed rapidly in most parts of Europe and also in

the Mediterranean area (D’Amato et al. 2007).

The aim of the present study therefore was to

identify the airborne pollen content during 1 year, to

recognize the atmospheric pollen seasons by deter-

mining its beginning, duration, end of different types

of airborne pollen found, especially allergenic pollen

taxa, and to establish a preliminary pollen calendar for

El-Hadjar town.

2 Materials and methods

2.1 Study area

El-Hadjar is a town situated in the province of Annaba

(northeast Algeria) [36� 480 000 North, 7� 440 000 East]
(Fig. 1), on the Mediterranean coast at an altitude of

3 m above sea level, covering approximately an area

of 63 km2. It is the fourth most populous town in the

Wilaya of Annaba after Annaba town, Sidi Amar, and

El Bouni, according to the general census of popula-

tion and housing with 37, 364 inhabitants.

The northeast Algerian exhibits a typical Mediter-

ranean climate; the direction of the dominant wind is

north-west with an average of 2.4 m/s, an average

annual mean temperature of 17 �C, and an average

rainfall of 630 mm/year.

2.2 Vegetation

The vegetation of the area of Annaba shows a rich

plant diversity and Mediterranean maquis consisting

mainly of shrubs and small trees, including: Arbutus

unedo, Cistus salvifolius, Cistus triflorus, Am-

pelodesma mauritanicum, Erica arborea, Lavandula

stoechas, Chamaerops humilis, Calycotom spinosa,

Asphodelus microcarpus, Myrtus communis, Pistacia

lentiscus, Genista numidia, Phyllirea angustifolia,

Olea europaea, Laurus nobilis, and Daphne gnidium.

In addition, the forestry assets consist of natural

forest Quercus suber and Quercus faginea; hardy

species Ceratonia siliqua, Castanea sativa, and

Fraxinus oxyphylla; artificial forests Eucalyptus

camaldulensis, Eucalyptus globulus, Eucalyptus gom-

phocephala, Pinus maritima, and Pinus pinea. Other

species reforested are Acacia cyanophylla, Acacia

melanoxylon, and Cupressus sempervirens (General

Directorate of Forestry 2013).

In the El-Hadjar town, the principal plants species

found are: Poaceae (Phleum pratense, Lolium perenne,

Dactylis glomerata, Bromusmollis, Hordeummurinum,

Avena sativa, Avena sterilis), Salicaceae (Populus alba,

Populus nigra, Salix alba, Salix nigra), Oleaeceae

(Olea europaea, Fraxinus angustifolia, Phyllirea

angustifolia, Ligustrum vulgare), Fagaceae (Quercus

suber, Quercus faginea, Castanea sativa), Urticaceae

(Parietaria mauritanica, Parietaria officinalis, Urtica

dioı̈ca, Urtica urens), Fabaceae (Acacia dealbata,

Acacia horrida, Acacia floribanda), Plantaginaceae

(Plantago lanceolata, Plantago minor), Polygonaceae

(Rumex bucephalophorus, Rumex obtusifolius),

Chenopodiaceae (Chenopodium album, Salsola kali),

Pinaceae (Pinus maritima, Pinus halepensis), Cupres-

saceae (Cupressus sempervirens, Thuya occidentalis),

Asteraceae (Bellis perennis, Inula viscosa), and Are-

caceae (Phoenix canariensis) (Ketfi 1998).

2.3 Aerobiological survey

In this study, a continuous aerobiological survey of El-

Hadjar city atmosphere was carried out from July 2012

to June 2013. Pollen data were collected using the

Durham apparatus (Durham 1946); the apparatus was
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placed in the town center at 4.5 m for gravimetric

study.

The slides were covered with glycerin jelly mixed

with basic fuchsine (Charpin et al. 1974). They were

changed daily after 24 h of exposure, for reading all

the surface of the slide (50 mm 9 24 mm) under a

light microscopy (Carl Zeiss, standard 20) using

(9400) magnification. Then, the total number of taxa

was divided by the examined surface (12 cm2) to

obtain the number of pollen grains/cm2, and airborne

pollen was expressed as monthly averages. The pollen

grains were identified and counted, identifying at

genus and at family level using pollen Atlas of Reille

(1992). The grains that were not identified were

considered unidentified types.

3 Results and discussion

The 1-year calendar of airborne pollen grains of El-

Hadjar town is presented in Tables 1 and 2 and Fig. 2.

During this period, a total of 2039 pollen grains/cm2

belonging to 50 taxa were recorded. Out of these, 28

(49.56 %) belong to the arboreal taxa and 22

(46.87 %) belong to the non-arboreal ones.

The frequency of pollen from both categories

shows that arboreal taxa are dominant in April

(13.27 %) and February (11.69 %), whereas non-

arboreal taxa are dominant in April, March, and May

with 16.59, 7.93, and 7.61 %, respectively.

The highest total annual count for arboreal pollen

(271 pollen grains/cm2) and for non-arboreal pollen

(338 pollen grains/cm2) was observed in April.

The amount of pollen began to increase in February

and reached its peak in April with 624 pollen grains/

cm2. Pollen grains of Poaceae (23.20 %) were the

most abundant type in the atmosphere, and it ranked

first which was followed by Cupressaceae (14.86 %),

Euphorbiaceae (Mercurialis sp.) (12.58 %), Olea sp.

(7.18 %), and Casuarina sp. (6.44 %) (Tables 1, 2).

The lowest numbers of pollen grains were recorded in

October with 31.58 PG/cm2.

Fungal spore was collected during all the study

period, with 483 spores/cm2 (19.15 % of total air-

borne particles). The ratio of spores on pollen grains

cached was 23.68 %. One peak was unregistered in

November (4 %). The lowest value was observed in

January (0.15 %).

According to the data shown in the pollen calendar,

this aerobiological investigation shows the distribu-

tion of the major taxa with considerable allergenic

capacity as follows:

3.1 Cupressaceae

Presented by Cupressus sp. and Juniperus sp. It was

observed from September to March. The maximum

value of pollen grains of these taxa was 207.56 PG/

cm2 in February; it presented 14.86 % of total annual

pollen collected. In a similar study at El-Hadjar town,

Chafai-Ketfi et al. (2009) observed that the pollination

started from March to July. Chabert (1971) noted that

Cupressaceae pollen grains were the important density

collected in the air of Rabat, it appeared at the end of

January, but it was abundant in February–March, and

disappeared at the end of April. However, (20.6 %) of

Fig. 1 Localization of the

study area

Aerobiologia (2016) 32:277–288 279

123



T
a
b
le

1
C
o
n
tr
ib
u
ti
o
n
o
f
ar
b
o
re
al

p
o
ll
en

g
ra
in
s
(P
G
/c
m

2
)
an
d
%

o
f
o
cc
u
rr
en
ce

to
an
n
u
al

to
ta
l

M
o
n
th
s

Ju
ly

A
u
g
u
st

S
ep
te
m
b
er

O
ct
o
b
er

N
o
v
em

b
er

D
ec
em

b
er

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

A
ln
u
s
sp
.

–
–

–
–

–
–

–
–

–
–

0
.2
9

0
.0
1

B
et
u
la

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

C
a
ry
a
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

C
a
su
a
ri
n
a
sp
.

–
–

0
.5
0

0
.0
2

6
8

3
.3
3

1
1
.2
0

0
.5
5

4
0
.3
6

1
.9
8

4
.3
6

0
.2
1

C
o
ry
lu
s
a
ve
ll
a
n
a

–
–

–
–

–
–

–
–

–
–

–
–

C
u
p
re
ss
ac
ea
e

0
.2
1

0
.0
1

–
–

0
.9
4

0
.0
6

0
.2
9

0
.0
1

0
.2
9

0
.0
1

3
.2
7

0
.1
6

E
ri
ca
ce
ae

0
.0
7

0
.0
0
3

0
.2
1

0
.0
1

0
.2
9

0
.0
1

0
.2
9

0
.0
1

0
.3
6

0
.0
2

0
.2
9

0
.0
1

E
u
ca
ly
p
tu
s
sp
.

0
.7
2

0
.0
3

0
.0
7

0
.0
0
3

–
–

0
.0
7

0
.0
0
3

0
.0
7

0
.0
0
3

0
.1
4

0
.0
0
6

F
ab
ac
ea
e

–
–

–
–

0
.8
7

0
.0
4

–
–

–
–

–
–

F
ag
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

F
ra
xi
n
u
s
sp
.

–
–

–
–

–
–

–
–

1
.2
3

0
.0
6

7
0
.4
7

0
.3
6

Ju
g
la
n
s
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

L
ig
u
sr
u
m

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

M
il
ia
ce
ae

–
–

–
–

–
–

–
–

–
–

–
–

M
im

o
sa
ce
ae

2
.1
0

0
.1
0

1
.0
9

0
.0

0
.1
4

0
.0
0
6

0
.1
4

0
.0
0
6

–
–

–
–

O
le
a
sp
.

0
.1
4

0
.0
0
6

–
–

–
–

–
–

–
–

–
–

O
st
ry
a
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

P
h
o
en
ix

sp
.

–
–

–
–

–
–

–
–

–
–

0
.0
7

0
.0
0
3

P
in
ac
ea
e

3
.4
9

0
.1
7

4
.3
6

0
.2
1

–
–

0
.2
1

0
.0
1

–
–

0
.4
3

0
.0
2

P
la
ta
n
u
s
sp
.

–
–

–
–

–
–

–
–

–
–

0
.5

0
.0
2

P
o
p
u
lu
s
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

Q
u
er
cu
s
sp
.

0
.1
4

0
.0
0
6

–
–

–
–

–
–

–
–

–
–

R
o
sa
ce
ae

–
–

–
–

–
–

–
–

–
–

–
–

R
u
ta
ce
ae

–
–

–
–

–
–

–
–

–
–

–
–

S
a
li
x
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

T
il
ia

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

U
lm

ac
ea
e

–
–

–
–

–
–

–
–

–
–

0
.5
0

0
.0
2

V
it
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

T
o
ta
l
A
P

6
.8
7

0
.3
2

6
.2
3

0
.2
4

7
0
.2
7

3
.4
5

1
2
.2
0

0
.5
9

4
2
.3
1

2
.0
7

8
0
.3
2

0
.8
2

280 Aerobiologia (2016) 32:277–288

123



T
a
b
le

1
co
n
ti
n
u
ed

M
o
n
th
s

Ja
n
u
ar
y

F
eb
ru
ar
y

M
ar
ch

A
p
ri
l

M
ay

Ju
n
e

T
o
ta
l

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

A
ln
u
s
sp
.

2
.6
9

0
.1
3

0
.4
3

0
.0
2

0
.2
1

0
.0
1

0
.1
4

0
.0
0
6

0
.0
7

0
.0
0
3

–
–

3
.8
3

0
.1
8

B
et
u
la

sp
.

–
–

–
–

–
–

0
.3
6

0
.0
1
7

0
.1
4

0
.0
0
6

–
–

0
.5

0
.0
2

C
a
ry
a
sp
.

–
–

–
–

1
.3
0

0
.0
6

8
.8
7

0
.4
3

0
.1
4

0
.0
0
6

–
–

1
0
.3
1

0
.5
0

C
a
su
a
ri
n
a
sp
.

6
.1
8

0
.3
0

0
.6
5

0
.0
3

–
–

–
–

–
–

–
–

1
3
1
.2
5

6
.4
4

C
o
ry
lu
s
a
ve
ll
a
n
a

–
–

0
.3
6

0
.0
2

0
.5
0

0
.0
2

0
.4
3

0
.0
2

0
.0
7

0
.0
0
3

–
–

1
.3
6

0
.0
7

C
u
p
re
ss
ac
ea
e

4
.8
7

0
.2
4

2
0
7
.5
6

1
0
.1
8

8
2
.5
4

4
.0
4

1
.1
6

0
.0
6

1
.2
3

0
.0
6

0
.5
8

0
.0
3

3
0
2
.9
4

1
4
.8
6

E
ri
ca
ce
ae

0
.2
9

0
.0
1

2
3
.0
5

1
.1
3

5
8
.5
4

2
.8
7

5
.3
8

0
.2
6

1
.0
9

0
.0
5

0
.1
4

0
.0
0
6

9
0

4
.4
1

E
u
ca
ly
p
tu
s
sp
.

0
.2
1

0
.0
1

–
–

0
.0
7

0
.0
0
6

1
.3
8

0
.0
7

2
.4
0

0
.1
2

5
.3
8

0
.6
3

1
0
.5
1

0
.5
1

F
ab
ac
ea
e

–
–

–
–

–
–

–
–

–
–

0
.2
9

0
.0
1

1
.1
6

0
.0
6

F
ag
ac
ea
e

0
.0
7

0
.0
0
3

–
–

–
–

–
–

–
–

–
–

0
.0
7

0
.0
0
3

F
ra
xi
n
u
s
sp
.

4
.9
4

0
.2
4

1
.3
0

0
.0
6

–
–

–
–

–
–

0
.1
4

0
.0
0
6

7
8
.0
8

3
.8
3

Ju
g
la
n
s
sp
.

–
–

–
–

–
–

0
.2
9

0
.0
1

–
–

–
–

0
.2
9

0
.0
1
4

L
ig
u
sr
u
m

sp
.

–
–

–
–

–
–

1
.8
9

0
.0
9

4
.5
0

0
.2
2

2
.1
8

0
.1
1

8
.5
7

0
.4
2

M
il
ia
ce
ae

–
–

–
–

0
.1
4

0
.0
0
6

0
.8

0
.0
4

0
.3
6

0
.0
8

1
.3
0

0
.0
6

M
im

o
sa
ce
ae

–
–

–
–

0
.5
8

0
.0
9

0
.6
5

0
.0
3

0
.9
4

0
.0
5

1
.0
9

0
.0
5

6
.7
3

0
.3
3

O
le
a
sp
.

–
–

–
–

1
.0
1

0
.0
5

1
1
7
.6
7

5
.7
7

2
4
.7
2

1
.2
1

2
.8
3

0
.3
8

1
4
6
.3
7

7
.1
8

O
st
ry
a
sp
.

–
–

–
–

–
–

0
.8
7

0
.0
4

–
–

–
–

0
.8
7

0
.0
4
2

P
h
o
en
ix

sp
.

1
.1
6

0
.5
6

–
–

1
.6
0

0
.0
8

–
–

0
.5
8

0
.0
3

3
3
.7
4

1
.6
5

3
7
.1
5

1
.8
2

P
in
ac
ea
e

0
.2
9

0
.0
1

2
.4
7

0
.1
2

7
.2
7

0
.3
6

7
.7
2

0
.3
8

1
.8
9

0
.0
9

1
.0
1

0
.0
5

2
9
.1
4

1
.4
3

P
la
ta
n
u
s
sp
.

–
–

–
–

0
.0
7

0
.0
0
3

1
.6
0

0
.0
8

0
.5
8

0
.0
3

0
.8
7

0
.0
4

3
.6
2

0
.1
8

P
o
p
u
lu
s
sp
.

–
–

0
.0
7

0
.0
0
3

6
.0
3

0
.2
9

1
.3
0

0
.0
6

0
.0
7

0
.0
0
3

–
–

7
.4
7

0
.3
7

Q
u
er
cu
s
sp
.

–
–

0
.1
4

0
.0
0
6

0
.8
7

0
.0
4

4
2
.4

2
.0
8

1
2
.0
7

0
.5
9

–
–

5
5
.6
2

2
.7
3

R
o
sa
ce
ae

–
–

–
–

0
.2
9

0
.0
1

1
6
.7
2

0
.8
2

1
.2
3

0
.0
6

–
–

1
8
.2
4

0
.8
9

R
u
ta
ce
ae

–
–

–
–

–
–

–
–

–
–

0
.1
4

0
.0
0
6

0
.1
4

0
.0
0
6

S
a
li
x
sp
.

–
–

–
–

–
–

0
.1
4

0
.0
0
6

0
.1
4

0
.0
0
6

–
–

0
.2
8

0
.0
1

T
il
ia

sp
.

–
–

–
–

3
.3
4

0
.1
6

0
.9
4

0
.0
7

–
–

4
.2
8

0
.0
2

U
lm

ac
ea
e

–
–

2
.5
4

0
.1
2

2
.3
2

0
.1
1

0
.2
9

0
.0
1

–
–

–
–

5
.6
5

0
.2
8

V
it
ac
ea
e

–
–

–
–

–
–

5
7
.6
7

2
.8
3

1
.3
8

0
.0
7

–
–

5
9
.0
5

2
.9
0

T
o
ta
l
A
P

2
0
.7
0

1
.5
0

2
3
8
.5
7

1
1
.6
9

1
6
3
.3
4

8
.0
4

2
7
1
.0
7

1
3
.2
7

5
4
.5
4

2
.7
6

4
8
.3
9

2
.9
7

1
0
1
4
.7
8

4
9
.5
6

Aerobiologia (2016) 32:277–288 281

123



T
a
b
le

2
C
o
n
tr
ib
u
ti
o
n
o
f
n
o
n
-a
rb
o
re
al

p
o
ll
en

g
ra
in
s
(P
G
/c
m

2
)
an
d
%

o
f
o
cc
u
rr
en
ce

to
an
n
u
al

to
ta
l

M
o
n
th
s

Ju
ly

A
u
g
u
st

S
ep
te
m
b
er

O
ct
o
b
er

N
o
v
em

b
er

D
ec
em

b
er

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

A
p
ia
ce
ae

0
.6
5

0
.0
3

–
–

0
.1
4

0
.0
0
7

–
–

–
–

0
.1
4

0
.0
0
7

A
rt
em

is
ia

sp
.

–
–

–
–

0
.2
9

0
.0
1
4

0
.7
2

0
.0
3
5

0
.2
1

0
.0
1

0
.1
4

0
.0
0
7

A
st
er
ac
ea
e

0
.7
2

0
.0
3
5

0
.4
3

0
.0
2

0
.2
9

0
.0
1
4

0
.2
1

0
.0
1

0
.0
7

0
.0
0
3

0
.5
8

0
.0
3

B
o
ra
g
in
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

B
o
ra
g
o
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

B
ra
ss
ic
ac
ea
e

–
–

–
–

–
–

–
–

–
–

3
.3
4

0
.1
6

C
ar
y
o
p
h
y
ll
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

C
h
en
o
p
o
d
ia
ce
ae

1
.3
0

0
.0
6

3
.0
5

0
.1
5

–
–

1
.0
1

0
.0
5

0
.4
3

0
.0
0
2

0
.0
7

0
.0
0
3

C
y
p
er
ac
ea
e

7
.6
3

0
.3
7

1
8
.9
0

0
.9
3

6
.2
5

0
.3
1

0
.2
9

0
.0
1

–
–

0
.0
7

0
.0
0
3

E
ch
iu
m

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

E
p
h
ed
ra

sp
.

0
.0
7

0
.0
0
3

–
–

0
.0
7

0
.0
0
3

–
–

–
–

–
–

E
u
p
h
o
rb
ia
ce
ae

–
–

–
–

0
.3
6

0
.0
2

–
–

–
–

1
8
.2
5

0
.8
9

Ju
n
cu
s
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

L
am

ia
ce
ae

–
–

–
–

–
–

–
–

–
–

–
–

P
la
n
ta
g
o
sp
.

0
.2
1

0
.0
1

0
.1
4

0
.0
0
7

0
.2
1

0
.0
1

–
–

1
.3
8

0
.0
7

–
–

P
o
ac
ea
e

2
6
.3
2

1
.2
9

1
9
.5
6

0
.9
6

1
0
.9
8

0
.5
4

1
2
.7
2

0
.6
2

1
.8
1

0
.0
9

1
.8
1

0
.0
9

P
o
ly
g
o
n
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

R
u
m
ex

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

S
cr
o
p
h
u
la
ri
ac
ea
e

–
–

–
–

–
–

–
–

–
–

–
–

T
ri
fo
li
u
m

sp
.

–
–

–
–

–
–

–
–

–
–

–
–

T
yp
h
a
sp
.

–
–

–
–

–
–

–
–

–
–

–
–

U
rt
ic
ac
ea
e

–
–

5
.3
0

0
.2
6

3
.1
4

0
.1
5

2
.2
5

0
.1
1

–
–

–
–

T
o
ta
l
N
A
P

3
6
.9

1
.8
0

4
7
.3
8

2
.3
3

2
1
.7
3

1
.0
7

1
7
.2
0

0
.8
3

3
.9
0

0
.1
7

2
4
.4
0

1
.1
9

U
n
id
en
ti
fi
ed

1
.3
8

0
.0
7

6
.8
3

0
.3
3

3
.4
9

0
.1
7

2
.1
8

0
.1
1

1
.0
1

0
.0
5

4
.2
1

0
.2
1

T
o
ta
l
P
G

4
5
.1
5

2
.1
9

6
0
.4
4

2
.9
0

9
5
.4
9

4
.6
9

3
1
.5
8

1
.5
3

4
7
.2
2

2
.2
9

1
0
8
.9
3

2
.2
2

F
u
n
g
al

sp
o
re
s

1
8
.4

0
.7
3

3
4
.3
2

1
.3
6

3
5
.5
6

1
.4
1

5
1
.2

2
.0
3

1
0
0
.9
4

4
8
8
.0
7

3
.4
9

282 Aerobiologia (2016) 32:277–288

123



T
a
b
le

2
co
n
ti
n
u
ed

M
o
n
th
s

Ja
n
u
ar
y

F
eb
ru
ar
y

M
ar
ch

A
p
ri
l

M
ay

Ju
n
e

T
o
ta
l

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

P
G
/c
m

2
%

A
p
ia
ce
ae

–
–

–
–

–
–

0
.5
8

0
.0
3

7
.9
2

0
.3
9

2
.9
8

0
.1
5

1
2
.4
1

0
.6
1

A
rt
em

is
ia

sp
.

0
.1
4

0
.0
0
7

0
.0
7

0
.0
0
3

–
–

–
–

–
–

–
–

1
.5
7

0
.0
8

A
st
er
ac
ea
e

0
.7
2

0
.0
3

4
.1
4

0
.2
0

0
.6
5

0
.0
3

2
.6
1

0
.1
3

4
.7
2

0
.2
3

3
.3
4

0
.1
6

1
8
.4
8

0
.9
1

B
o
ra
g
in
ac
ea
e

–
–

–
–

7
.7
0

0
.3
8

0
.3
6

0
.0
2

–
–

–
–

8
.0
6

0
.3
9

B
o
ra
g
o
sp
.

–
–

–
–

1
.3
8

0
.0
7

0
.4
3

0
.0
0
2

–
–

–
–

1
.8
1

0
.0
9

B
ra
ss
ic
ac
ea
e

2
.3
2

0
.1
1

3
.4
9

0
.1
7

2
.3
2

0
.1
1

2
.6
1

0
.1
3

0
.2
9

0
.0
1

–
–

1
4
.3
7

0
.7
0

C
ar
y
o
p
h
y
ll
ac
ea
e

–
–

–
–

–
–

–
–

0
.0
7

0
.0
0
3

–
–

0
.0
7

0
.0
0
3

C
h
en
o
p
o
d
ia
ce
ae

0
.0
7

0
.0
0
3

–
–

–
–

4
.9
4

0
.2
4

2
.2
5

0
.1
1

4
.2
9

0
.2
1

1
7
.4
1

0
.8
5

C
y
p
er
ac
ea
e

–
–

0
.2
1

0
.0
1

1
.3
0

0
.0
6

5
.3
8

0
.2
6

2
.1
0

0
.1
0

1
.6
0

0
.0
9

4
3
.7
3

2
.1
4

E
ch
iu
m

sp
.

–
–

–
–

–
–

1
.6
7

0
.0
8

1
.1
6

0
.0
6

4
.3
6

0
.2
1

7
.1
9

0
.0
3

E
p
h
ed
ra

sp
.

0
.1
4

0
.0
0
7

–
–

–
–

0
.0
7

0
.0
0
3

–
–

–
–

0
.3
5

0
.0
2

E
u
p
h
o
rb
ia
ce
ae

2
6
.5
4

1
.3
0

6
9
.5
2

3
.4
1

1
2
7
.7
8

6
.2
7

1
2
.9
4

0
.6
3

1
.2
3

0
.0
6

–
–

2
5
6
.6
2

1
2
.5
8

Ju
n
cu
s
sp
.

–
–

–
–

0
.0
7

0
.0
0
3

0
.9
4

0
.0
5

0
.2
1

0
.0
1

–
–

1
.2
2

0
.0
5

L
am

ia
ce
ae

–
–

–
–

–
–

–
–

–
–

0
.0
7

0
.0
0
3

0
.0
7

0
.0
0
3

P
la
n
ta
g
o
sp
.

–
–

0
.1
4

0
.0
0
7

8
.3
6

0
.4
1

1
8
.5
4

0
.9
1

4
.8
7

0
.2
4

0
.6
5

0
.0
3

3
4
.5

1
.6
9

P
o
ac
ea
e

1
.3
0

0
.0
6

3
.3
4

0
.1
6

7
.2
7

0
.3
6

2
7
2
.5
0

1
3
.3
6

1
0
0
.8

4
.9
4

1
4
.6
9

0
.7
2

4
7
3
.1

2
3
.2
0

P
o
ly
g
o
n
ac
ea
e

–
–

–
–

–
–

–
–

–
–

0
.1
4

0
.0
0
7

0
.1
4

0
.0
0
7

R
u
m
ex

sp
.

–
–

–
–

1
.0
9

0
.0
5

1
2
.5
8

0
.6
2

0
.6
5

0
.0
3

0
.1
4

0
.0
0
7

1
4
.4
6

0
.7
1

S
cr
o
p
h
u
la
ri
ac
ea
e

–
–

–
–

–
–

0
.0
7

0
.0
0
3

–
–

–
–

0
.0
7

0
.0
0
3

T
ri
fo
li
u
m

sp
.

–
–

–
–

–
–

0
.1
4

0
.0
0
7

0
.4
3

0
.0
2

0
.2
9

0
.0
1

0
.8
6

0
.0
4

T
yp
h
a
sp
.

–
–

–
–

–
–

2
.1
8

0
.1
1

2
8
.6
5

1
.4
0

1
.2
3

0
.0
6

3
2
.0
6

1
.5
7

U
rt
ic
ac
ea
e

0
.5
8

0
.0
3

2
.1
0

0
.1
0

5
.0
1

0
.2
4

0
.2
1

0
.0
1

0
.1
4

0
.0
0
7

0
.7
2

0
.0
3

1
9
.4
5

0
.9
5

T
o
ta
l
N
A
P

3
1
.8
1

1
.5
5

8
3
.0
1

4
.0
6

1
6
2
.9
3

7
.9
3

3
3
8
.7
5

1
6
.5
9

1
5
5
.4
9

7
.6
1

3
4
.5
0

1
.6
8

9
5
8

4
6
.8
7

U
n
id
en
ti
fi
ed

2
.6
1

0
.1
3

1
.2
3

0
.0
6

3
.0
5

0
.1
5

1
3
.8
9

0
.6
8

2
0
.2
9

0
.9
9

5
.6
7

0
.2
8

6
5
.8
4

3
.2
3

T
o
ta
l
P
G

5
5
.1
2

3
.1
8

3
2
2
.8
1

1
5
.8
1

3
2
9

1
6
.1
2

6
2
3
.7
1

3
0
.5
4

2
3
0
.3
2

1
1
.3
6

8
8
.5
6

4
.9
3

2
0
3
8
.6
2

9
9
.6
6

F
u
n
g
al

sp
o
re
s

3
.7
8

0
.1
5

7
.7
0

0
.3
0

1
9
.4
9

0
.7
7

6
2
.8
3

2
.4
9

3
4
.9
0

1
.3
8

2
6
.3
2

1
.0
4

4
8
3
.5
1

1
9
.1
5

Aerobiologia (2016) 32:277–288 283

123



pollen cached was presented by Cupressaceae/Taxac-

eae at Kastamonu (Turkey) (Çeter et al. 2012).

The genus Cupressus is widely spread in Mediter-

ranean area, where the most common species are C.

sempervirens, C. arizonica, C. macrocarpa, and

C. lusitanica. Cypress releases an enormous amount

of anemophilous pollen, and it has been recognized to

be responsible for a large part of total annual amount

of airborne pollen in several Mediterranean areas

(D’Amato et al. 2007).

Cypress cedar pollen allergy has been reported in

numerous countries located in various geographical

areas such as South Africa, Australia, France, Italy,

Spain, Morocco, Albania, Greece, Turkey, Iran, and

Japan and is currently known as an increasing cause of

pollinosis worldwide (Shahali et al. 2010). It has been

Pollen calendar: 

Month July August September October November December January February March April May June

A
rb

or
ea

l P
ol

le
n

Alnus sp.

Betula sp.

Carya sp.

Casuarina sp.

Corylus avellana

Cupressaceae

Ericaceae

Eucalyptus sp.

Fraxinus sp.

Ligusrum sp.

Mimosaceae

Olea sp.

Phoenix sp.

Pinaceae

Salix sp.

Ulmaceae

N
on

 A
rb

or
ea

l P
ol

le
n

Artemisia sp.

Asteraceae

Brassicaceae

Chenopodiaceae

Cyperaceae

Ephedra sp.

Mercurialis sp.

Plantago sp.

Poaceae

Rumex sp.

Typha sp.

Urticaceae

Unidentified

Fungal spores

Fig. 2 Pollen calendar of the atmosphere of El-Hadjar during 1 year of surveillance
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recognized as a pollinosis in Mediterranean and extra-

Mediterranean (Subiza et al. 1995).

3.2 Casuarina sp.

It is the main pollen season generally occurred during

late summer and autumn, between September and

December (Trigo et al. 1999). In our study, this pollen

was recorded at the end of August to February; the

higher value was collected in September with 68 PG/

cm2 (3.33 %). In Málaga (Spain), Garcı́a et al. (1997)

observed the presence of pollen Casuarina during the

months of October and November, particularly during

the second week until the fourth week of October.

Güvensen and Özturk (2003) found in the region of

Izmir (Turkey) that Casuarinaceae dominates the other

species during the third week of September and the

first week of October. The prevalence of sensitization

to Casuarina pollen was proved, and it has been

reported that it must be considered as an aeroallergen

and a probable cause of autumn pollinosis (Garcı́a

et al. 1997).

3.3 Fraxinus sp.

Pollen season started in November and finished in

February. The important value was observed in

December with 70 PG/cm2 (0.36 %).

In the Mediterranean region, Fraxinus excelsior is

replaced by Fraxinus angustifolia. It pollinates during

December and January. Today, the reality of ash

pollinosis is clearly established. The diagnosis of this

pollinosis has greatly benefited from the knowledge of

allergens on a molecular level (Metz-Favre et al.

2010).

3.4 Olea sp.

Olea is considered one of the most important causes of

respiratory allergic disease in the Mediterranean

region (Florido et al. 1999). This family was present

in a large quantity during April, with a total abundance

of 7.18 % (Table 1). Pollen grains of these taxa

reached a maximum of 117 PG/cm2 (5.77 %).

Thus, Oleaceae pollen grains constituted 1.07 % of

total pollen in the atmosphere of Kırklareli. Pollen
season started in the second week of April and ended

in the last week of August. The highest count was

recorded in the first and second weeks of June and in

the first week of July (Erkan et al. 2011). In the

atmosphere of Denizli (Turkey), Olea pollen domi-

nated from the second week of April until the second

week of July with the highest values in the first week of

June (Güvensen et al. 2013).

3.5 Poaceae

The results of this study indicate that Poaceae pollen

was collected during all the months. It is the most

abundant type with 23.20 %. The highest value was

recorded in April with 272 pollen grains/cm2. Accord-

ing to the data of a similar work realized in the same

area, Poaceae was ranked in the first position with

1520 PG/cm2 (23.77 %), and the maximum value was

observed in April and mid-May (Chafai-Ketfi et al.

2009). This could be related to the large area of

grassland located in El-Hadjar region.

Considering allergenic pollen as a whole in Spain,

grasses are the most important cause of pollinosis. The

highest atmospheric grass pollen concentration varies

from 40 to 75 grains/m3 of air, which is the most

frequent level in the Spanish Mediterranean coastal

area, and from 200 to 400 grains/m3 in some areas

such as Badajoz or Salamanca (central Spain) (Subiza

et al. 1995). Pollen grains of this family constituted

13.62 % of total pollen in the atmosphere of Kırk-
lareli. Pollen production continued from the third

week of March to the last week of November (Erkan

et al. 2011). It was the only major non-arboreal type

observed in the atmosphere of Kuşadasi. These plants

comprised 3.70 % of the total pollen in the study area,

in which 480 pollen grains/cm2 were counted (To-

sunoğlu et al. 2013).

Grass pollen allergens are a major cause of allergic

respiratory disease (Davies et al. 2012). In the

Mediterranean region, respiratory allergies due to

Poaceae pollen have increased during the last few

decades despite the fall in atmospheric grass pollen

levels recorded in some cities (Recio et al. 2010).

3.6 Euphorbiaceae

With Mercurialis genus, this family is ranked in the

second position after Poaceae, its highest value was

collected in March with 127 PG/cm2. This was

observed on slides in the period from December to

May, with maximum concentration in March

(127.78 PG/cm2), due essentially to the existence of
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this plant in the vegetation with big quantities in this

period. Mercurialis annua is reported to be an

important allergen source in the Mediterranean areas

of Spain and Italy. (Mer a 1) has been described as an

allergenic molecule. High levels of sensitization to

Mercurialis pollen ranging from 28 to 56 % were

described in several areas of Spain (Gadermaier et al.

2014).

3.7 Plantago sp.

The highest quantity of pollen production was

18.45 PG/cm2 in April (0.91 %). In the atmosphere

of Kırklareli, pollen season started in the first week of

May and ended in the third week of September. The

highest values were noted between 21 and 22 weeks.

Pollen grains of this genus constituted 2.60 % of total

pollen (Erkan et al. 2011).

3.8 Chenopodiaceae

Pollen grains were cached in July and August, from

October to January, then from March to June. The

highest value was in April (4.94 PG/cm2).

It has been reported that in Timisoara (Romania),

Chenopodiaceae/Amaranthaceae seasons occurred at

regular intervals between June and October each year.

Smaller airborne concentrations of Chenopodiaceae/

Amaranthaceae were recorded out of each season

(Ianovici 2008).

In Salamanca (Spain), this pollen type appears

already in late April, increasing its daily levels from

early June until the first week of August, where it

reaches the highest mean daily value. The highest

daily counts usually occurred between late July and

mid-August, with the highest value being on August

and the lowest on June and July (Rodrı́guez de la Cruz

et al. 2012).

3.9 Urticaceae

Represented with 0.95 %, this family was in the

maximum value in August (5.30 PG/cm2) and in

March (5.01 PG/cm2). Parietaria is the main aller-

genic genus of the Urticaceae family. The most

important species are Parietaria judaica and Pari-

etaria officinalis. This weed has a very long flowering

season, starting early in spring persisting throughout

the summer and a shorter pollination period taking

place from end of August to October. The extraordi-

narily long persistence in the atmosphere of Parietaria

pollen in the Mediterranean area is responsible for a

multi-seasonal symptomatology (D’Amato et al.

2007; Gadermaier et al. 2014). Parietaria (Pj) is

considered one of the major sources of allergens

whose allergenic composition has been studied in

detail identifying three independent families of pro-

teins with allergenic activity (Bonura et al. 2013).

3.10 Airborne fungal spores

According to the data of the actual study, fungi were

present in the air of El-Hadjar town during the study

period, with important values. It presented 19.15 % of

annual airborne particles collected.

It has been observed that in Turkey, a total of

6.198 spores/cm2 were recorded from the atmosphere

of the Sivrihisar. The highest concentration for the

spores was recorded in the second week of June. On

the other hand, the highest concentrations of airborne

Cladosporium and Alternaria were recorded during

summer. Both spore types are present in lower levels

in winter (Potoglu-Erkara et al. 2009). On the other

hand, the role of fungi in the sensitization and

elicitation of allergic symptoms in atopic subjects is

well established (Hasnain et al. 2004).

4 Conclusion

It is concluded that the present gravimetric survey of

airborne pollen has contributed significantly to our

existing knowledge concerning pollen grains of El-

Hadjar town during 1-year aerobiological study.

Pollen grains of 50 taxa were collected in deposited

samples in the atmosphere of El-Hadjar. Of these, 28

taxa were from arboreal plants and 22 taxa from non-

arboreal ones. Maximum catch of pollen types was

observed during April with 624 PG/cm2 (30.54 %).

The major collected taxa were: Cupressaceae, Ca-

surina sp., Olea sp., Fraxinus sp., Poaceae, Mercuri-

alis sp., Chenopodiaceae, Plantago sp., and

Urticaceae, those responsible of the pollinosis in the

Mediterranean area.

The pollen calendar for this region presented here

may be a useful data for allergologists as an aid in

establishing the exact diagnostics. It also provides

important evidence for continuous data collection in
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order to study the relationships between airborne

pollen concentrations and meteorological factors.
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Dréan (W. El-Tarf). Revue Synthèse, 20, 31–39.
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allergy in Cordoba city: Frequency of sensitization and

relation with antihistamine sales. Journal of Investiga-

tional Allergology and Clinical Immunology, 15(1), 50–56.

Savitsky, V. D., Bezus’ko, L. G., Butich, N. G., Tsymbaliuk, Z.

M., Savitska, O. V., & Bezus’ko, T. V. (1996). Airborne

pollen in Kiev (Ukraine): Gravimetric sampling. Aerobi-

ologia, 12, 209–211.

Shahali, Y., Sutra, J. P., Peltre, G., Charpin, D., Sénéchal, H., &
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