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Abstract

Hitherto, aerobiology has mainly focused on studying and analysing the biologic material found in the atmosphere (pollen
grains and fungal spores), due to its allergologic and agricultural interest. However, the increase in respiratory tract problems
caused by other solid particles suspended in the air has made studies including biologic and non-biologic material more frequent.
This paper describes a simple technique based on spectrophotometric analysis, The results thus obtained can compiement the
outcome obtained by traditional aerobiologic techniques if the method is used properly and the equipment properly calibrated and
an idea of the solid particles in the air can be obtained. The combination of both aerobiological and spectrophotometric analysis
makes it possible to estimate the concentration of solid-particle material in the air, and we can also estimate the percentage of
pollen grains and fungal spores among the general spectrum of particles. The results also show that a great part of the solid
particulates originate from human activities. However, it was also observed that they emerge from natural sources as such as fungi
and higher plants. © 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction Berciano et al., 1989; Morrow Brown, 1991; Santra et
al, 1991; Dominguez et al., 1993).

In samples obtained using a Hirst-type suction volu- In some papers, the methodology employed to
metric sampler, a great amount of dust, sand, ash, analyse solid-particle material in air only allows differ-
remains of hydrocarbons and soot is frequently found, entiation of material on its size and not its nature
besides pollen grains and fungal spores. These particles {Lebowitz et al., 1992). In the same way, it Is rare to
come not only from natural sources but also from find studies on non-biotic particles in aerobiology, al-
sources derived from human activity. though some attempts have been made to analyse them.

Many studies have shown that the presence of these it is worth mentioning the works of Mikinen (1978},
particles contribute to an increase in respiratory tract Leuschner and Boehm (1981) and Boehm and
problems either as agents that cause illnesses in them- Leuschner (1989).
selves (Kagamimori et al., 1986; Muranaka et al., 1986; In this research work, aerobiologic techniques and
Magnussen et al., 1993; D’Amato et al., 1994} or as the spectrophotometric techniques have been used. These
adjuvant effect that is provoked in people who suffer ~ have enabled us fo obtain, on the one hand, a quantita-
from respiratory allergies (Ishizaki et al., 1987; tive analysis of the existing solid particles in the sam-

ples, and, on the other hand, a study of the percentage

of representativity that the different groups of particles

* Corresponding author. Tel: +34 957 218599; fax: + 34 957 have, regarding the general spectrum of solid particles
218598. in the air.
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2. Materials and methods

Aerobiologic samples were obtained during 1990 and
1991 from a suction Hirst-type volumetric sampler
(Burkard spore-trap, Burkard Manufacturing) which
was placed on the flat roof of the Faculty of Science at
the University of Cordoba (4°45'W, 37°50'N}. This
device is quite efficient for collecting particles measur-
ing between 2 and 100 gm, a range that includes both
biotic material such as pollen grains and several types
of fungal spores, and non-biotic material. However, the
efficiency for particles below 2 ym is lower than other
samplers (Emberlin and Baboonian, 1995}

Optical microscopy has been used to analyse qualita-
tively the solid particles in the sample. In this analysis
we have differentiated the biotic content of the air
coming from natural sources (higher plants and fungi)
from those originating from other sources, some of
them natural and others derived from human activity.
The biotic material has been quantified using the
method recommended by the Spanish Aerobiology Net-
work (REA) (Dominguez et al., 1992) and classified as
polien grains and fungal spores. Regarding the non-bi-
otic material, we have considered as a whole the total
amount of inert particles left, among which we have
distinguished different components such as dust, ash,
soot, hydrocarbons and partially-burnt plants.

In order to estimate the concentration in which solid
material appears i the samples and, therefore, in the
air, an absorbance spectrophotometer with a gel-scan
function has been used, Beckman-DU7 (Beckman, Palo
Alto, CA), following an analogous technique to that
described by Leuschner and Boehm (1981) and Boehm
and Leuschner (1989). We have employed a light ab-
sorbance spectrophotometer instead of a photometric
kit for electropherograms.

The parameters used for the photometric scanning of
the samples were as follows: number of readings per
mm of sample = 20; The source of light used was visible
light—400 nm wavelength. Before any photometric
scanning, the spectrophotometer was calibrated using
as standard a microscopic slide with a fragment of the
sticky tape used for trapping the particles which had
not been exposed. In this way, when we scan the
samples, every particle on the tape can be measured
depending on its light absorbance as a function of this
reference standard. The spectrophotometric scanning
produces a graphic image with known rate per hour
according to a scale. Thus, the correlation between data
ont pollen grains and fungal spores becomes possible.

In order to differentiate the proportion of biotic
particles among the complete spectrum_of sohid parti-

3. Resulis

The results of pollen grains/m®, fungal spores/m?,
and the absorbance percentage after the photometric
scanning of the samples, are shown in Fig. 1.

The highest concentration of pollen is recorded in
spring, when the percentage reached 64% of the an-
nual total in 1990 and 82% of the annual total in
1991. The highest concentration for the last 15 years
regarding pollen from the main taxa of spring bloom
(Olea, Poaceae, Quercus, Platanus and Morus)
(Dominguez et al., 1993) was measured in 1991,

The spores show only one peak during autumn
1990, and two peaks, one in autumn and the other
in spring 1991; the shape of the curve is possibly
related to the meteorological conditions of the rele-
vant years. It is also worth mentioning that out of
the total biotic particles anaiysed, spores reached
95.5% of the annual total in 1990, and 88% of the
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cles, we have made an analysis of Pearson’s correlation
between the spectrophotometric rates of absorbance
and both groups of biotic particles, as well as the total
amount, for both monthly and seasonal data.
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Fig. 1. Yearly variation of spectrophotometric absorbance, fungal
spores and pollens grains, 1990 and 1991.
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Table 1
Pearson correlation analysis between spectrophotometric absarbance, total biotic particles, fungal spores and polica grains, applied for the whole
year
Jan Feb Mar Apr May Jul Aug Sep Oct Nov Dec
1990
Spec-totals $ * sk sk
Spec-spores o * o s
Spec-pollen x4 *% o
1991
Spec-totals #*
Spec-spores 3 .
Spec-polien e e w5

Significance levels: * 95%; ** 09.9%,

annual total in 1991. Due to this high contribution,
the statistical results obtained for total biotic parti-
cles do not differ from those obtained for fungal
spores.

The pattern of spectrophotometric absorbance is
fairly similar, with an annual mean of 0.26 in both
years, the highest peaks being recorded during sum-
mer months. These results coincide with those ob-
tained by Ali-Mohamed (i1991) in his work on
inorganic particles in the air of Isa Town, Bahrein.

Table 1 shows the results obtained after Pearson’s
correlation analysis which allows us to know the ap-
proximate contribution that biotic particles make to
the general spectrum of solid particles. In 1990, the
level of significance is 99.9% regarding pollen grains
and fungal spores, as well as the total of both, only
during May. A similar correlation is valid for spores
only during March and October, but negative for
pollen grains in April and July. A significant correla-
tion, of 95%, was found with spores in April and
with pollen grains in June.

In 1991, the statistical correlation is significant for
all groups considered in April. However, while the
correlation between photometric absorbance and pol-
len grains is significant at 99.5%, it is only at 95%
between spores and photometric absorbance. During
March and May, a significant correlation of 99.9%
was reached with pollen and in December, the per-
centage of significance was the same with spores.

The results obtained after the application of the
same parametric test to the seasonal data are shown
in Table 2. The highest correlation between the rates
of spectrophotometric absorbance, the total amount
of biotic particles, fungal spores and pollen grains,
was recorded in spring in both vears. In the case of

4. Discussion

The results reveal that the contribution of biotic
particles to the spectrum of solid particles in the air is
particularly relevant at specific periods of time during
the year. After the application of the statistical tests,
certain correlations with an acceptable level of signifi-
cance were observed in situations in which low ab-
sorbance rates coincide with high concentrations of
pollen grains and fungal spores.

A significant correlation of 99.9% was obtained in
spring 1990 for all types of particles considered. A
lower percentage (95%) was recorded with the group of
spores, in autumn as well as in winter (Table 2). Fig. 1
demonstrates that in every previous correlation, the fall
in the curve of spectrophotometric rates coincides with
the rise in the curves of concentrations of pollen and
spores. From the results of the monthly data (Table 1),
a significant correlation in the same situation may be
confirmed: from March to July, with a maximum in
May, when the significance level is 99.5% for all groups,
and again in October, but only for fungal spores.

The results of the following year (1991) are similar.
Considering the seasonal data, it is again in spring
when the correlation is significant for both the spec-
trophotometric absorbance rates and the biotic parti-
cles. Besides, pollen grains showed a significant
correlation during summer, probably because the flow-
ering of some spring plants fasted until the beginning of
summer; this could be the reason for high pollen rates
during this season. Fig. 1 shows the fall of the ab-
sorbance curves coinciding again with the rise of pollen
and spore concentrations. The monthly results confirm
the existing correlation with pollen in the period of

pollen grains, a 99.9% correlation was reached dur-
ing summer 1991. For spores however, a similar cor-
relation but at a lower level of significance could be
noted in autumn and winter 1990

higher pollen presence in the air and with fungal spores
in December. This last result is not shown in the
seasonal data as a consequence of the absence of corre-
lation during the remaining months of the season.



252 P. Cariiianos et al. / Aerobiologia 14 (1998) 249-253

Table 2
Correlation analysis between spectrephotometric absorbance, total biotic particles, fungal spores and pollen grains; applied for seasonal data
Winter Spring Summer Autumn
1990 1991 1990 1991 1950 1991 1990 199¢
Spec-totals Ak s #
Spec-spores ® o o %
Spec-pol]en Fk H% ok EES

Significance levels: * 95%,; ** 99 0%,

It may be concluded that there is a significant cor-
relation between the rates of spectrophotometric ab-
sorbance and biotic particles during the periods of the
year in which the absorbance rates are not very high,
because the air at that time 18 free from pollutant
particles of non-natural origin and, on the contrary,
the concentration of pollen grains and fungal spores
is very high. In other words, the results obtained af-
ter the spectrophotometric scanning of the samples
corresponds, in these situations, with existing concen-
trations of biotic material. However, in the periods of
the year in which solid non-biotic material is more
abundant, as atmospheric conditions allow its concen-
tration, the difference between biotic particles and the
rest of the particles composing the spectrum could
not be recorded.

The methodology used for spectrophotometric anal-
ysis is based on the amount of light that can be
absorbed by the particles, which is higher in those
with a dark colour: e.g. hydrocarbons, dust, soot.
The light colours of pollen grains and the small size
of several types of spores, do not help light absorp-
tion and its projection in the graph obtained after the
scanning, corresponds with minimum peaks. This ex-
plains why a very high contribution to the spectrum
from the biotic particles can be noted when the air is
clean from non-biotic pollutants, as these can produce
a screening effect on pollen grains and fungal spores.
Furthermore, in the case of fungal spores, the com-
monest types of the area should be taken into ac-
count, depending on whether these are one type or
the other, thus finding a higher or lower rate in the
spectrum of solid particles in the air. Therefore, in
the study area, Cladosporium is one of the most
abundant species in the air (Mediavilla, 1995), Two
species of Cladosporiwm can  be identified, C.
cladosporioides and C. herbarum, the former having a
transparent colour and a size of 3—15x2-6 um; the
latter a dark colour and a size of 8-25 x4-8 um

Therefore, the spectrophotometric analysis of the
samples carried out using a volumetric sampler is a
refiable method to determine the concentration of bi-
otic and non-biotic solid particles in the air, allowing
in some cases the distinction of the particles accord-
ing to their nature. It is advisable, however, to
use a combined aerobiological and spectrophotometric
methodology, taking into account the amount of
biotic particles found during certain periods of
the year, and its comseguences in patients with
allergy problems, caused by pollen grains and fungal
spores.
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