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Abstract

An aerobiological study to identify and quantify allergenic fungi and their seasonal fluctuations was conducted
at two different sites, (Al-Batha, a more developed area in the south and Al-Ulia, a less developed area in the
north) in Riyadh city, using portable Personal Volumetric Air Sampler (Burkard Manufacturing Co., England).
Sampling was conducted twice a week in both the morning and in the afternoon at both sites, for a period of 12
months. Airborne fungi were grouped into “major” and “minor” components depending upon their frequency of
appearance and catch percentage in the&&tadosporium spp., Penicillium spp., Aspergillus spp., Alternaria spp.
andUlocladium sppwere included as major components. Minor components incliidedhslera spp., Rhizopus

spp., Fusarium spmndStachybotryis spgn general, higher concentrations of fungi were found at the developed
(Al-Batha) site than at the less developed (Al-Ulia) site, both in the morning and in the afternoon.

1. Introduction and climatic conditions (e.g. temperature, humidity)
(Al-Doory and Domson, 1984).

The last survey on airborne fungal allergens in
Riyadh was conducted using Burkard Volumetric
Spore Trap, and gravity-settle plate techniques (Al-
Frayh et al., 1988; Hasnain et al., 1989). The above
communications report results which revealed the
presence of various types of fungal spores in the
environment of Saudi Arabia. The aim of the present
study was to compare a developed site with a less
developed one, and the morning concentration with
evening concentration of airborne fungal spores in
Riyadh, using a Portable Air Sampler for Agar Plates,
a viable volumetric method, (Burkard Manufacturing
Co, Ltd, UK).

Aerobiology is a scientific discipline focused on the
transport of airborne organisms in both outdoor and
indoor environments (Al-Doory and Domson, 1984;
Cosentio et al.,, 1990). Thus, aerobiology concerns
the origin, release, transport and surface impact of
wind-borne biological particles in the troposphere
(Middleton et al., 1983). These biological particles
include bacteria, fungal spores (mould spores),
algae, viruses, protozoa, pollen grains etc. Amongst
these, fungal spores comprise the greatest portion of
suspended biological material in the air (Salvaggio
and Aukrust, 1981). The source of fungal spores and
hyphal fragments is often unknown (Gregory, 1973),
unlike that of pollen grains, which are easily traced
back to their plant species.

Airborne fungal spores are ubiquitous in nature
(Burge, 1985; Solomon, 1978). The concentration of 5 1 gijte description
airborne spores of fungi varies according to location,
altitude, time of the day, season of the year, condi- Riyadh is 1600 square kilometre in area with approxi-
tion of the surrounding areas (e.g. parks, gardens, etc.)mately 2 million population. There is little rainfall in

2. Materials and methods
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Table 1. Percentage of various airborne components of the two sites in Riyadh.

Genera Total CFU Total CFU % colonies % colonies
(Al-Batha) (Al-Ulia) (Al-Batha) (Al-Ulia)
Cladosporium 5964 5485 38.4 43.2
Penicillium 3587 1845 23.1 14.5
Aspergillus 2908 2182 18.7 17.2
Alternaria 805 785 5.2 6.2
Ulocladium 692 763 4.5 6.0
Drechslera 238 265 15 2.1
Rhizopus 72 43 0.5 0.3
Stachybotrys 68 39 0.4 0.3
Fusarium 45 43 0.3 0.3
Unknown 1151 1248 7.4 9.8
Total 15530 12698 100.00 100.00
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Figure 1. Mean monthly variation of total airborne fungi at Al-Batha(a) and Al-Ulia (b) sites both morning and afternoon concentration.
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Figure 2. The mean monthly variation of the total airborne fungi at both sites for morning concentration.
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Figure 3. The mean monthly variation of the total airborne fungi at both sites for afternoon concentration.

the city. The city is 606 metre above the sea level. The weather in Riyadh is rather hot and dry.

Two sites were chosen for sampling airborne fungi in  The temperature in summer normally ranges between

Riyadh city. They were Al-Batha and Al-Ulia. The 35°C and 45°C during the day time. In winter, days

distance between the two sites is 7 kilometres. Al- are moderate with cool nights.

Batha is a developed area (thickly populated, higher

concentration of buildings, etc.), located in the south 2 2 sampling method

of Riyadh. It mainly consists of old commercial build-

ings, known as the heart of the city. Roads and Twice a week sampling using two Portable Air

streets are narrow, crowded and populated. There are asampler for Agar Plates (Burkard Manufacturing Co.

number of traditional mud homes in the area. Al-Ulia Ltd. Eng|and) was carried out at both sites (ViZ. Al-

is located in the north of Riyadh, a modern, new, and Batha and Al-Ulia), over a period of 12 months during

less populated area. It has a very modernized shopping1990-91. Sampling was conducted at two different

centre and villas with open planned streets which are times. Morning samplings between 9-10 a.m. and

planted and irrigated regularly. afternoon samplings between 3-4 p.m. One hour
interval was allowed to reach the sampling site by
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Figure 4. Mean monthly variation o€ladosporiumspp. At Al-Batha(a) and Al-Ulia(b) sites both morning and afternoon concentration.

road both in the morning and afternoon. The choice
of two different times was aimed at providing the
diurnal patterns of fungi in the two locations as well
as variation between the location (Al-Suwaine, 1992).

The air suction rate of the volumetric air sampler
was maintained at 10 I/min. Both air samplers were
used at a time with two different media. Sampling
exposure was for 10 minutes duration. The two

two media was calcultaed as colony forming units
(CFU) for each locations.

Preliminary identification and counting of similar
colonies were carried out after 5—7 days incubation
and again when all the propagules had developed.
Sample colonies were isolated in pure culture for
identification according to Ellis (1971). These iden-
tifications were reconfirmed by the Commonwealth

samplers were operated about 20 cm above the groundMycological Institute (CMI, Surrey, England).

It was experienced that some airborne fungi grow

faster than others in one specific media. To avoid over-

crowding and to count the number of colonies, two
different culture media were used for each sampling,

3. Results

viz. Sabouraud's dextrose agar (Oxoid) and Czapek The generaidentified from the two different sites using

Dox agar (Oxoid). In each of the culture media 1%
streptomycin antibiotic was added in order to inhibit
the growth of bacteria. All the plates of the two

different media were incubated at room temperature.

The incubation time was different for the two media,

two different culture media and at two different times
for the whole year are presented. Depending upon
their frequency of appearance and the number in the
air sample, genera were grouped as “major compo-
nents” and “minor components”. Major components

five days for Sabouraud dextrose agar and 7 days forjncjuded most frequently encountered genera such as

Czapek Dox agar. A mean number of colonies of the

Cladosporiumwhile minor components included less
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Figure 5. Mean monthly variation oPenicilliumspp. At Al-Batha(a)

and Al-Ulia(b) sites both morning and afternoon concentration.

frequent and sporadic types. The percentage of variouswhich constituted 4.5% at Al-Batha, while the total

components in the air are presented in Table 1. The
mean total (number) colonies forming units (CFU) of
Cladosporium sppcolonies isolated was 5964 which
constituted 38.4% of the total airborne fungi at Al-
Batha, while a total of 5485 colonies were recorded at
Al-Ulia, which constituted 43.2% of the total airborne
fungi. The total number of colonies d®enicillium
spp. was 3587 which constituted 23% of the total
airborne fungi at Al-Batha, and the mean total colony
of Penicillium spp. colonies at Al-Ulia was 1845
which constituted 14.5% of the total airborne fungi.
The mean total colony of\spergillus sppwas 2908
which constituted 18.7% at Al-Batha, while the mean
total number ofAspergillus sppcolonies at Al-Ulia
was 2182 which constituted 17.2%. The mean total
number ofAlternaria spp.colonies was 805 (5.2%)
at Al-Batha, while the total number of colonies of
Alternaria spp.was 785 which (6.2%) at Al-Ulia. The
total number ofUlocladium spp.colonies was 692

number ofUlocladium sppat Al-Ulia was 763 which
constituted 6%. The table also shows the percentages
of various airborne components.

Mean monthly variation of total airborne CFU is
presented in Figure 1(a&b). The figure shows that the
total spores were present in the air throughout the year
both in the morning and in the afternoon at Al-Batha
site. However, from June 10 to October, the mean
concentration was:500 CFU per cubic metre of air in
the morning, while during the same period the mean
concentration was<250 CFU per cubic metre of air
in the afternoon. Concentrations rose from October
onward with a peak for the morning concentrations
of 750 CFU per cubic metre of air in November,
followed by another peak in February of the next year,
and for the afternoon concentrations the peak of 650
CFU per cubic metre of air was in February. With the
increase of temperature during March and April the
mean concentration tended to decline.
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Figure 6. Mean monthly variation oAspergillusspp. at Al-Batha(a) and Al-Ulia(b) sites both morning and afternoon concentration.

Concentrations remain high during October to November, and for afternoon concentrations a peak of
March at both sites. There appears to be some decline500 CFU per cubic metre in February. With increase
during very cold months, i.e. December. However, in the temperature, the mean concentration tend to
with the further increase in temperature, the concen- decline.
trations at both sites display another peak which The mean monthly variation of total airborne fungi
approaches 800 at Al-Batha and 600 per cubic metre in the morning and in the afternoon at the two sites is
of air at Al-Ulia. presented in Figure 2. The figure shows that morning

The mean monthly variation of total airborne concentrations at Al-Batha were higher than morning
fungal spores at Al-Ulia is presented in Figure 1(b). concentrations at Al-Ulia, with two peaks (700, 750
The figure shows that the fungal spores were presentmean concentration) in November and February for
in the air throughout the year both in the morning and morning at both sites. Figure 3 shows that afternoon
in the afternoon at this site. concentrations at Al-Batha were higher than afternoon

However, from June to September the mean concentrations at the Al-Ulia site. There were two
concentration were<300 CFU per cubic metre of peaks of mean concentration, of 450 and 650 CFU per
air in the morning, while during the same period cubic metre of air in November and February respec-
concentrations were<200 per cubic metre of air tively for the afternoon at Al-Batha, and one peak of
in the afternoon. Concentrations rose both in the 500 CFU in February in the afternoon at the Al-Ulia
morning and in the afternoon at the Al-Ulia site from  site.

September onward with a peak of 560 CFU per cubic Mean monthly variations o€ladosporium spp.,
metre of air occurring for morning concentrations in Penicillium spp., Aspergillus spp., Alternaria spp.
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Figure 7. Mean monthly variation oAlternaria spp. at Al-Batha(a) and Al-Ulia(b) sites both morning and afternoon concentration.

and Ulocladium spp.are presented in Figures 4-8. 4. Discussion
There were increases in concentrations both in the

morningand in the afternoon. With incrgase in temp_er- The study revealed that the airborne fungi are present
ature the concentrtion tended to decline. Both sites throughout the year in the Riyadh atmosphere. The
display almost a similar pattern of rise and fall in study showed that the most prevalent (major compo-
concentration. The morning concentration was always nents) fungal spores in the air of Riyadh were

higher than the _aftg-rnoqn _concentration. Dist_ribu— Cladosporiunspp.,Penicilliumspp. Aspergillusspp.,
tion of Clat_josporlums ublqunous_ and the two 5|te_s Alternaria spp. andUlocladium spp. A number of
have the h|g.he.r level present during the same Per'Od'other spores with casual or sporadic appearances were
Mgnthly varllatlon of Alternaria spp. at both S|te.s Drechsleraspp.,Rhizopuspp..Stachybotryspp. and
(I_:lgure 7) display no clear seasqnal pattern at either Fusariumspp., termed as minor components. These
S't_e’ bUt_ November and _Iate winter show compar regyits are comparable to those from a previous study
atively higher concentration for both morning and in Riyadh (Hasnain et al., 1989) and other studies
afternoon. . . in Ahwaz, Iran (Hariri et al., 1978), Cairo, Egypt
The monthly total concentrations of minor compo- (Youssef and EI-Din, 1988) and Kuwait city, Kuwait
nents Prechslera spp., Rhizopus spp., Stachybotrys ;qstafa and Kamel, 1976) as well. Studies in South
spp. and Fusarium spp. are pr_esented in Figure  and Central America (Noranjo, 1958) have shown that
9(a&b) for Al-Batha and Al-Ulia site. Penicillium Aspergillusand Alternaria are prevalent
airborne fungi.



128

70
I Batha(am) ngr_\g_(gfn)

60~

50

(a)

CFU m™3 qir

100
. Uta@m) Ulia(pm)

80

MONTHS
Figure 8. Mean monthly variation oblocladiumspp. at Al-Batha(a) and Al-Ulia(b) sites both morning and afternoon concentration.

The seasonal variation of the total airborne fungi (23%) at Al-Batha than (14%) at Al-UligAspergillus
and for major generic categorigsl@dosporium, Peni-  spp. gave almost the same percentage 18.7% at Al-
cillium and Ulocladium) appear to show a higher Batha and 17.2% at Al-UliaAlternaria spp. 5.2% at
concentration in the cold months (winter) and a low Al-Batha and 6.2 at Al-UliaUlocladiumspp. 5% of
concentration in (summer) hot months. The individual the total at Al-Batha and 6% of the total at Al-Ulia.
generic categories followed the same pattern as the  Cladosporiumspp. showed a seasonal variation
total airborne count in their order of distribution, with concentrations of airborne spores high in winter
seasonal fluctuation and monthly variation. and low in summeiPenicilliumspp. increase in winter

Cladosporiumspp. were most prevalent at both and early spring which was comparable to the study at
sites and appeared to be the most common genusAhwaz, Iran (Hariri et al., 1978).
in almost all the zones studied (Turner, 1966). The The results show a possible link between the
abundance of this fungus has been revealed in bothtemperature and the concentration of airborne fungal
volumetric and culture plate studies. In our study, spores which exhibit a tendency of rise and peak
Cladosporiumspp. comprised 38.4% of the total in cooler months, excefspergillus which showed
airborne fungi at Al-Batha and 43.4% at Al-Ulia. higher concentrations in autumn and summer.
Penicilliumspp. andAspergillusspp. spores are wide- Concentrations of fungal spores at both sites and
spread in air and provide a larger proportion of catch at both sampling times showed seasonal variation,
by culturing than by other methods (Lumpkins, 1976). with the concentrations of fungal spores higher at
Penicillium spp. were found in higher concentration Al-Batha. The present study showed similarities in
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Figure 9. Seasonal periodicities of minor fungal components at the two sites.

both quantitative and qualitative compositions to many Al-Suwaine A.S.: 1992, A study of airborne viable fungi in Riyadh

comparable investigations in subtropical areas such as

Baghdad (Iraq), as reported by Al-Tikriti et al. (1980).
Ahwaz (Iran), Cairo (Egypt) and Kuwait, as well as
other studies in Saudi Arabia (Al-Frayh et al., 1988;
Hasnain et al., 1989).
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