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Abstract Results and discussion 

During a two-year survey on the air-borne fungi in the 
atmosphere of Barcelona (Spain), the following genera 
were isolated in decreasing order: Aureobasidium, Rhizo- 
pus, Mucor, Arthrinium, Phoma, Fusarium, Trichoderma, 
and Botrytis. 

Introduction 

In a previous paper (10), the authors carried out studies 
on the air-borne fungi in the air of Barcelona metropoli- 
tan area, reporting as the most frequently isolated gene- 
ra the genus Alternaria, Cladosporium, Penicillium and 
Aspergillus. The present study deals with those genera 
which showed a frequency of incidence not below 0.1% 
of the total colony counts, and whose implications with 
human health are well established. The isolated genera 
were found in decreasing order of frequency as follows: 
Aureobasidium, Rhizopus, Mucor, Arthrinium, Phoma, 
Fusarium, Trichoderma, and Botrytis. 

Material and methods 

The sampling method employed in the study was the 
volumetric technique in which the spores entering a 
narrow orifice by means of an air stream produced by a 
small electric ventilator were impacted on a Petri dish 
coated with a proper medium. The medium utilized was 
2 ~ malt extract agar (10). 

The genus Aureobasidium Viala et Boyer. 

Aureobasidium spores are frequently isolated from the 
atmosphere. Morrow (41) concluded from his own 

investigations that isolates of the genus could be encoun- 
tered in all towns and habitats, but in low percentage 
of incidence. Among the volumetric studies on the spore 
content in the air of this genus, the most important ones 
are those of Barkai-Golan et aL (5, 6, and 7), Kramer 
et al. (34, 35, and 36), and Ongulana (44). The frequency 
recorded by these authors oscillated between 5 and 7.2 ~o 
of the total colony counts. These figures are in good agree- 
ment with our data in the air of Barcelona: 6.6 ~,,, of the 
total colony counts. On the other hand, similar studies 
carried out in France by Boutin (9), using gravimetric 
methods of sampling, showed that the incidence of 
Aureobasidium spores in the air of Marseille was 2.9 ~,, 
of the total colony counts. 

Isolates of this genus are very commonly encountered in 
the Northern European countries, accounting for a 10 ~o 
in the air of Stockholm (Sweden) (27), a 18 ~o in the 
the air of Copenhagen (Denmark) (19, and 20), and 10.4 % 
in the air of Cardiff(U.K.) (29, 30, and 31). The maximum 
concentration of Aureobasidium spores was found in 
Stockholm to be during the spring and autumn (49) and 
in Copenhagen during the months of September and 
October (19, and 20). 

Flensborg et al. (20) in Denmark, Hyde et al. (30 
and 31), Richards (48), Adams (1), and Harvey (26) in 
Great Britain, while studying the relationship between 
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the life cycle of Aureobasidium species and the climatic 
factors, found that the highest incidence of  spores occured 
during the summer and autumn months, while the lowest 
incidence could be observed during the winter months. 

In Italy, Caretta et al. considered this genus as being 
frequently isolated in the air of Pavia (13), .reporting a 
0.35 ~ of the total colony counts. 

In the various surveys carried out in Spain by several 
authors, this genus was only cited in the air of Le6n (3), 
accounting for a 0.5 ~o of the total colony counts. 

In Peril, Requejo (46) isolated spores of this genus more 
frequently during the winter months in the air of  Trajillo, 
reporting a 0.45 ~,,, of the total colony counts. 

In the United States, the genus Aureobasidium has 
been reported in the air of Phoenix, Arizona (24) and 
Alburquerque, New Mexico (16), accounting for a 
15.2 ~,', and 8.4 ~, of the total colony counts respectively. 

Our own findings in the air of Barcelona, along a 18- 
months study showed that the incidence of Aureobasi- 
dium spores was found to be at a steady rate, accounting 
for a 6.6 ~ of the total colony counts. The species identi- 
fied was Aureobasidium pullulans (de Bary) Arnaud. 

The genus Mucor Micheli. 

The species of the genus Mucor occupied the ninth rank 
among the most frequently found isolates during our two- 
year survey, representing in the air of Barcelona the 
0.74 ~0 of the total colony counts. Colonies of species 
of this genus were found in the 13.46 ~ of the exposed 
plates. 

Studies on the presence of the genus Mucor in the air 
carried out by various authors in different countries 
showed variable results. Feinberg (1) found that isolates of 

this genus occupied the eighth rank in frequency among 
other genera of fungi isolated in the air of Chicago, 
Illinois. Hyde et al. (29, 30, and 31), studying the spore 

content in the air of Cardiff (U.K.), reported figures 
of incidence of isolates of this genus quite similar to 
our findings in the air of Barcelona. In the air of Pavia, 
Italy (13), the isolates of  this genus accounted for a 0.51 ~o 
of the total colony counts, while in Copenhagen, Denmark 
(19, and 20) and in Paris, France (56), isolates of Mucor 
species were rarely reported. Similar studies carried out 
by various authors in Spain (3, 10, 12, 14, 15, 22, 23, 
and 40) showed that spores of this genus were present 
in the air of most spanish towns under study, but Madrid 
and Barcelona attained the higher records of incidence 
with 0.71 ~ of  the total colony counts. Papavassiliou 
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et al. (45) reported an incidence of Mucor spores in the 
air of Athens, Greece accounting for 1.26 ~ of  the total 
colony counts. Similar studies carried out in the metro- 
politan areas of Alburquerque, New Mexico, (16) and 
Phoenix, Arizona (24) did not detect any presence of 
species of Mucor. However, a 0.45 ~ of incidence of 
Mucor spores was found in the air of  Trujillo, Per0, 
(46). The air of Kuwait, Arabia (42), was reported to 
present an incidence of 0.1 ~ .  

Most of the studies on aeromycology already cited 
were performed by the gravimetric techniques, not being 
then quite comparable with our own. Ongulana (44), 
using the volumetric methods did not find any incidence of 
Mucor spores in the atmosphere of Ibadan, Nigeria. 
However, the incidence of spores of this genus in the 
air of Israel (5, 6, and 7) was found to be 1-1.5 ~ ofthe 
total colony counts. 

The species of Mucor identified in our study were Mucor 
circinelloides van Tieghem and M. hiemalis Wehmer. 

The genus Rhizopus Ehrenberg. 

The genus Rhizopus has rarely been reported in aeromyco- 
logical surveys in the various study areas of the world. 
It is not abundant in the air of towns. Hyde (29, 30, and 
31) reported its presence in the air of Cardiff (U.K.), 
where it occupied the 13th rank in order of incidence 
among other isolated genera. A very low incidence of iso- 
lates of this genus was reported in the air of Paris, Fran- 
ce (52), and no reports of incidence of isolates of Rhizopus 
can be found in other studied french towns as Marseille 
(37), Lyon and Brian~on (9). Kramer et al. (34, 35, and 36) 
reported an incidence of isolates of  this genus accounting 
for a 0.1 ~ of the total colony counts using the volumetric 
methods. Barkai-Golan et al. (5, 6, and 7) with the same 
sampling techniques, reported the presence of Rhizopus 
isolates in the air of Israel. 

The frequency of isolates of Rhizopus in the air of 
Barcelona was found to be 0.19 ~ of the total colony 
counts, ranking the 6th among the most frequently 
encountered genera. The only species isolated in this 

study was Rhizopus stolonifer (Ehrenberg ex Fresenius) 
Lind. 

The genus Arthrinium Kunze ex Fresenius. 

This genus is easily distinguished by the dark, one- 
celled, distinctively shaped conidia with a pronounced 
hyaline rim or germ slit. Highly refractive septa are also 



characteristic of the genus. 
The genus Arthrinium occupied the 10th rank in order of 

frequency in the air of Barcelona, accounting for a 0.4 ~ of 
the total colony counts. It was isolated in the 6.16 ~ of 
the exposed plates. The only species identified was Arthri- 

nium phaeospermum (Corda) Ellis. 
This genus was reported in low incidence in the air of 

Manhattan, Kansas (34, 35, and 36), and in the air of Is- 

rael (5, 6, and 7). 

The genus Phoma Desm. 

The genus Phoma occupies a distinguished place in aero- 
mycological studies. However, Feinberg et ai. (18) reported 
a low incidence of 0.4 ~ in the air of Chicago, Illinois. 
On the other hand, Sorenson et al. (51), studying the 
aeromycology of five sites in the continental United 
States and Puerto Rico reported incidences-which were 
oscillating between 1.6 and 8.8 ~ .  In Denmark, Flensborg 
et al. (19 and 20) found an incidence of isolates of the genus 
accounting for the 1.5 ~o of the total colony counts with 
the highest peaks in March and October and high values 
in August in the air of the metropolitan area of Copen- 
hagen. Isolates of Phoma occupied the 4th rank in incidence 
among other isolates in the air of Cardiff (U.K.) (29, 30, 
and 31), with the highest peaks in April. The genus repre- 
sented in the air of Paris (France) (52) the 5.5 ~ of the 
total colony counts. In Italy (59) the months of November 
and December showed the maximum of incidence. 
Kramer et al. (35 and 36) found that isolates of Phoma 
in the air of Manhattan, Kansas occupied the second 

rank in order of incidence among other genera ofsphaerop- 
sidales isolated with the genus Coniothyrium in the first 
place. The studies carried out in Israel (5, 6 and 7) showed 
incidences quite similar with those found in the air of Bar- 
celona, which were of the order of 1.6 ~ of the total col- 
ony counts. The genus Phoma occupied the ninth place 
in order of incidence among the other genera isolated in 
the air of Barcelona, and the most frequently found spe- 
cies was identified as Phoma herbarum Westd. 

The genus Fusarium Link. 

The genus Fusarium has generally been reported by 
various authors with a low incidence. Morrow (41) found 
that isolates of the genus appeared seasonally, with 
maximum incidences during the summer months. March, 
April and May, on the other hand, were found to be the 
months of maximum incidences in the air of Pau (France) 

(9). Isolates of the genus Fusarium were found in low 
percentages in the air of Paris (France), Lyon (France), 
Brianqon (France) (9), and Marseille (France) (37), were the 
incidence of isolates, accounting for a 0.15 ~ of the total 
colony counts, presented similar values with those found 
in the air of Barcelona. A low incidence of this genus were 
also reported in the air of Manhattan, Kansas (34, 35, 
and 36) and in the air of Israel (5, 6, and 7), using the 
volumetric sampling techniques. On the other hand, 
high incidences of Fusarium isolates have been reported 
in the air of Madrid (Spain) (12). Requejo (46), studying 
the spore content in the air of Trujillo (Peril), found a 
7.03 ~o of incidence of isolates of this genus, occupying 
the third place in order of incidence, behind Cladosporium 
and Penicillium. In the air of Haifa (Israel) (38) the inci- 
dence of isolates of the genus Fusarium oscillated between 
3 and 12 ~ ,  depending on the study area. Isolates of 
this genus were commonly found in the air of Phoenix, 
Arizona (24) and in the air of Alburquerque, New Mexico 
(16). 

We found that isolates of this genus in the air of Bar- 
celona represented the 0.1 ~ of the total colony counts, 
occupying the ninth place in order of incidence among the 
other isolated genera. They were found in 2.64 ~ of the- 
exposed plates. The species identified was Fusarium moni- 
liforme Sheldom. 

The genus Trichoderma ( Persoon ) Harz. 

Most aeromycological studies do not indicate the presence 
of isolates of the genus Trichoderma in the air. However, 
they were found regularly in the air of Trujillo (Peril) 
(46) and in the air of Britain (48). 

In the air of Barcelona we found an incidence of isolates 
of this genus accounting for 0.1 ~ of the total colony 
counts, showing similar percentage as these found in the 
air of Manhattan, Kansas (34, 35, and 36) and in the air 
of Israel (5, 6, and 7). The species identified were Tricho- 
derma viride Persoon ex Gray and Triehoderma harzianum 
Rifai. Isolates of this genus were encountered in 6 ~ of 
the exposed plates. 

Genus Botrytis Mieheli. 

The genus Botrytis has rarely been reported in most 
aeromycological studies. Kramer et al.. (34, 35, and 36) 
reported 39 isolates of this genus in the air of Manha- 
tan, Kansas, and Aller et al. (3) were the only spanish 
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authors  that  ment ioned the presence of  isolates of  Bo- 
trytis in Spain. 

Botrytis cinerea Persoon was the species isolated 

in the air of  Barcelona, account ing for a 0.2 ~ of  the 

total  colony counts. 

References 

1. Adams, K.F. 1964. Year to year variation in the fungus 
spore content of the atmosphere. Acta Allergol. 19 : 11. 

2. Alemany-Vall, R. 1949. Sensibilidad respiratoria a hongos. 
Medicina Clinica, Barcelona. 13 : 102-108. 

3. Aller, B., J. Rey, & A. Martinez. 1971. Estudio de la inciden- 
cia de los hongos en el aire de Le6n durante un afio. Ann. 
Fac. Vet. Le6n. 17 : 13L20. 

4. Bagni, N., P. Mandrialli, & G.P. Puppi. 1976. Atmospheric 
spore content at Mount Cimone, Italy, in relation to winds. 
Int. J. Biometeorol. 20: 184-189. 

5. Barkai-Golan, R. 1958. A study of air-borne fungi in Israel. 
Res. Council of Israel. 60: 247. 

6. Barkai-Golan, R., M. Frank, D. Kantor, R. Karadavid, & 
D. Tosher. 1977. Atmospheric fungi in the desert town of 
Arad and in the coastal plain of Israel. Ann. Allergy. 
38: 270-274. 

7. Barkai-Golan, R., & Y. Glazer. 1962. Air-borne fungi in 
Eilat and Tel Hashomer, Israel. J. Allergy. 33: 342. 

8. Ben-meir-Gleuk, Y. 1952. Fungal isolates from the air of 
groves and from the skin of Shamonti Oranges, 1952. 
Ktavim. 2-3: 134-140. 

9. Boutin, C. 1966. L'Allergie respiratoire fongique. Impri- 
merie G6ndrale de Provence. Marseille, 168 pp. 

10. Calvo, M a A., J. Guarro, & G. Su/trez. 1976. Los hongos 
como agentes etiol6gicos de alergias y enfermedades 
pulmonares: su incidencia en Barcelona. An. Med. Cirug. 
61 : 329-340. 

11. Cammack, R.H. 1955. Seasonal changes in three common 
constituents of the air spora of southern Nigeria. Nature. 
176: 1270-1273. 

12. Canto, G., & C. Jimdnez-Diaz. 1945. Estudio de los bongos 
en el aire de Madrid durante un afio. Rev. C1 n. Esp. 17: 
226-238. 

13. Caretta, G., E. Piontielli, G. del Frate, A. Crippa, L. 
Savini, & F. Todaro. 1075. Spor fungine dell'atmosfera 
urbana di Pavia: risultati ottenuti con il metodo di esposi- 
zione delle piastre. Riv. Pat. veg. 11 : 5-23. 

14. Diaz-Rubio, M., M. Jim6nez-Ortin, & L. Lamadrid. 1950. 
Estudio durante un rio del contenido en hongos del aire de 
Cfidiz: su relaciSn con ciertos factores meteorol6gicos. 1950. 
Rev. Clin. Esp. 38: 187-191. 

15. Diaz-Rubio, M., J. Mufioz, & M. Jim6nez-Ortin. 1950. 
Estudio de los g6neros y especies de hongos existentes 
en el aire de Cfidiz e incidencias que determina su presencia. 
Rev. Clin. Esp. 38: 280-289. 

16. Dupont, E.M., R.C. Field, C.R. Leathers & W.T. Northey. 
1967. A survey of the air-borne fungi in the Alburquerque, 
New Mexico, metropolitan area. J. Allergy. 39: 238-244. 

122 

17. Faraco, B.F.C., & B.A. Faraco. 1974. Poluiqao micologica 
da atmosfera. Rev. Brasileira Med. 31 : 11. 

18. Feinberg, S.M., & H.T. Little. 1935. Studies on the relation 
of microorganisms to allergy. III. A year's survey of daily 
mould spores content of the air. J. Allergy. 7: 149-155. 

19. Flensborg, E.W. 1950. Studies in mould allergy. III. Mould 
spore counts in Copenhagen. Acta Allergol. 3: 49-65. 

20. Flensborg, E.W., & T. Sams6e-Jensen. 1948. Acfa Allergol. 
1: 104-113. 

21. Frouchtman, R. 1946. Contribuci6n al estudio de las 
alergopatias respiratorias clim~iticas en Barcelona. Impor- 
tancia de las bacterias en el aire. Rev. Clin. Esp. 23 : 292 301. 

22. Gonzfilez-Alorda, F. 1969. Contribuci6n al estudio de la 
poluci6n aerobiol6gica en el aire de Sevilla. I. Medicamenta. 
34: 27-33. 

23; Gonzfilez-Alorda, F. 1969. Contribuci6n al estudio de la 
poluci6n aerobiol6gica en el aire de Sevilla. II. Medica- 
menta. 34: 55-60. 

24. Goodman, D.H., W.T. Northey, C.R. Leathers, & T.H. 
Savage. 1966. A study of air-borne fungi in the Phoenix, 
Arizona, metropolitan area. J. Allergy. 38: 56-62. 

25. Gourmel, M., R. Baute, & J. Canellas. 1958. Sur la flore 
mycologique de l'atmosph~re de Pau pendant l'ann6e 1957. 
Bull. Soc. Pharm. Bordeaux. 97:51 52. 

26. Harvey, R. 1970. Air-spora studies at Cardiff. III. Hyphal 
fragments. Trans. Brit. Mycol. Soc. 54: 251-254. 

27. Havnen, J. 1973. Aspects of the history of aerobiology in 
Norway. Bull. Ecol. Res. Comm. (Stockholm). pp. 25-29. 

28. Hermansen, J.E. 1973. Aerobiology in Denmark. Bull. 
Ecol. Res. Comm. (Stockholm). pp. 11-16. 

29. Hyde, H.A. 1972. Atmospheric pollen and spores in relation 
to allergy. I. Clin. Allergy II: 153-159. 

30. Hyde, H.A., & D.A. Williams. 1949. A census of mould 
spores in the atmosphere. Nature. 164: 668-669. 

31. Hyde, H.A., D.A. Williams, & M. Richards. 1956. Allergy 
to moulds spores in Britain. Brit. Med. J. 1 : 886-895. 

32. Kapein, L. 1952. Survey of air-borne fungus spores of the 
Boston area in relation to inhalant allergies. Ann. Allergy. 
10: 109. 

33. Koivikko, A. 1973. Aspects of the history of Aerobiology 
in Finland. Bull. Ecol. Res. Comm. (Stockholm) pp. 17 23. 

34. Kramer, C.L., S.M. Pady, C.T. Rogerson, & C.G. Ouye. 
1959. Kansas aeromycology II. Materials, methods, and 
general results. Trans. Kansas. Acad. Sci. 62: 184-199. 

35. Kramer, C.L., & S,M. Pady. 1960. Kansas aeromycology. 
XI. Fungi Imperfecti. Trans. Kansas Acad. Sci. 63 : 229 238. 

36. Kramer, C.L., S.M. Pady, & B. Wiley. 1964. Kansas 
aeromycology. XIV. Diurnal studies 1961-1962. Trans. 
Kansas Acad. Sci. 67: 442-459. 

37. Lauriol-Mellea, M. 1968. Contribution h l'6tude a6ro- 
mycologique de l'atmosph~re libre et d'appartement dans 
la ville de Marseille. Ph. D .  Thesis. Universit6 d'Aix- 
Marseille. 

38. Liebeskind, A. 1965. Mould Allergy in Haifa. Ann. Allergy. 
23: 158-161. 

39. Makinen, Y. & P. Ollikinen. 1973. Diurnal and seasonal 
variations in the air-spore composition in Turku, Finland. 
Bull. Ecol. Res. Comm. (Stockholm). pp. 143-152. 

40. Morales, E., & G. Canto. 1946. Estudio de los hongos 



contenidos en el aire de Alcfizar de San Juan, Ciudad Real, 
durante un afio. Rev. Clin. Esp. 23: 119-123. 

41. Morrow, M.B., G.H. Meyer, & H.E. Prince. 1964. A 
summary of air-borne mould survey. Ann. Allergy. 22:575. 

42. Moustafa, A.F., & S.M. Kamel. 1976. A study of fungal 
populations in the atmosphere of Kuwait. Mycopathologia. 
59 : 29-35. 

43. Nilsby, J. 1949. Allergy to moulds in Sweden. A botanical 
and clinical study. Acta Allergol. 2 :57  90. 

44. Ongulana, E.O. 1974. Fungal air spores at Ibadan, Nigeria. 
Appl. Microbiol. pp. 458-463. 

45. Papavassiliou, J.T., & C.A. Bartzokas. 1969. The at- 
mospheric fungal flora of the Athens metropolitan area. 
Trans. Brit. Myc. Soc. 52: 482-489. 

46. Requejo, H.V. 1975. Microflora atmosf6rica de la ciudad 
de Trujillo (Perti). III. G6neros aislados durante el argo 1971. 
Mycopathologia. 36: 15-20. 

47. Reyes, A.C., F.R. Uyenco, A.C. Punsalang, E. Fontanilla, 
& S. Ldpez. 1970. Atmospheric mould spores count in 
Ceb6 City, Phillipines, southeast Asia. J. Trop. Med. 
Pub. Hlth. 1 : 263 269. 

48. Richards, M. 1956. A census of mould spores in the air over 
Britain in 1952. Trans. Brit. Myc. Soc. 39: 431441. 

49. Ripe, E. 1962. Mould allergy. 1. An investigation of the air- 
borne fungal spores in Stockholm, Sweden. Acta Allergol. 
17:130 159. 

50. Scandinavian Symposium on Aerobiology, Solna, April, 
17 18, 1972. Grana. 12: 121-128. 

51. Sorenson, W.G., G.S. Bulmer, & L.H. Criep. 1974. Air- 
borne fungi from five sites in the continental United States 
and Puerto Rico. Ann. Allergy. 33: 131-137. 

52. Vallery-Radot, P., B.N. Helpern, A. Segretain, & A. Domar, 
1950. Etude de la nature et de la densit6 de la flore mycolo- 
gique dans l'atmosph6re de Paris durant l'ann6e 1948. Acta 
Allergol. 3: 179-197. 

53. Volterrani, L., & U. Tosco. 1957. Allergia da spora fungine. 
Minerva Medicina. 48: 4238. 

123 


