
ORIGINAL PAPER

Prevalence and distribution of airborne and waterborne
fungi and actinomycetes in the Nile river

A. A. Abdel Hameed Æ S. El Hawarry Æ
M. M. Kamel

Received: 25 April 2008 / Accepted: 29 September 2008 / Published online: 14 October 2008

� Springer Science+Business Media B.V. 2008

Abstract The objective of this research was to

investigate the prevalence and distribution of airborne

and waterborne fungi and actinomycetes along the

main stream of the Nile river during April to July,

2005. Air and water samples were collected at eight

sites within a *50 km stretch of the river. The

distribution and prevalence of air and water microor-

ganisms varied with location. The highest counts of

airborne fungi (516 CFU/p/h) and actinomycetes

(222 CFU/p/h) were detected at suburban sites near

cultivated areas. However, the highest counts of

waterborne fungi (56.4 CFU/ml) and actinomycetes

(15.4 CFU/ml) were detected at Al-Galaa (city centre)

and Kafr-El-elwe (south Cairo), respectively. A total

of 1,816 fungal colonies (943 isolates from air and

873 from water samples) belonging to 27 genera were

identified. Aspergillus, Alternaria, Cladosporium, and

yeasts were the predominant fungal types in both air

and water environments. Dreschlera, Emericella,

Nigrospora, Spicaria, Stachybotrys, and Verticillium

were only detected in the air, and Epicoccum,

Philaphora, Phoma and Ulocladium were only

detected in the water. Mycotoxin-producing fungi

represented by Aspergillus flavus, Aspergillus para-

siticus, Penicillium, Fusarium, and Trichoderma were

found in the air and water environments. Significant

differences (P B 0.05) were found between fungal

populations in air and water at different sampling

sites. No significant differences (P C 0.05) were

found between waterborne actinomycetes. Sampling

location, human activity, and pollution load are the

main factors affecting the variability and biodiversity

of microorganisms in different microenvironments.

Keywords Nile river � Air � Water � Fungi �
Actinomycetes � Biodiversity � Variation

1 Introduction

The Nile river is the main drinking water resource for

the Egyptian people (Abdel Shafy and Aly 2002),

providing *97% of their water demand. The problem

of water quality is especially acute for developing

nations, where up to 90% of cities discharge their

untreated sewage into rivers and streams. The prob-

lem of air pollution is continuing to grow more acute

in the developing world where populations are

expanding rapidly and rapid industrialization is cou-

pled with increasing use of motor vehicles. The air

conditions and fresh water quality in the area around

the Nile river have been severely affected . The impact

of pollution in Egypt appears in all environmental
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media, i.e., air, water, and soil. The potential damag-

ing effects of pollution are numerous, and include

adverse human health and environmental effects.

Materials accumulate at the water–air interface of

the Nile river, or any water body, and form a surface

film. This film consists of a complex of organic

matter and microorganisms, some of which may be

harmful (Geldreich 2001). Aspergillus, Cladospo-

rium, Epicoccum, Penicillium, Fusarium, and Mucor

are the most dominant fungal genera in treated and

untreated water (Kinsey et al. 1999). Many other

fungal genera have been isolated from water in

Europe including Acremonium, Absidia, Beauveria,

Monilia, Mortierella, Rhizopus, and Stemphylium

(Tothova 1999). Moreover, actinomycete concentra-

tions have been reported to be higher in river water

and lake sediments than in lake water bodies

(Willoughby 1969). Levels of actinomycetes in water

in Texas, *7 9 105 CFU/ml (Silvey and Wyatt

1971), were higher than those found in the UK,

10–200 CFU/ml (Burman 1973), and Finland, 200

CFU/ml (Seppänen and Jokinen 1969).

Airborne fungi and actinomycetes originate from

different environments, for example soil, plants and

water. Wind storms spread dust clouds, mould spores,

pollen, and organic materials from plants and animals.

Fungi and actinomycetes in the aquatic environment

may be transferred to air by wave action and wind. In

contrast, airborne microorganisms may settle on the

water surface. The prevalence and distribution of air

and waterborne flora is highly variable between

different locations depending on meteorological, topo-

graphical, and human activities (Lacey 1981; Su et al.

2001 and Mitakakis and Guest 2001). Airborne fungal

spore concentrations depend on various factors, for

instance, time of day, meteorological and seasonal

climatic factors and type of vegetation (Pepeljnjak and

Segvic 2003). Abdel Hameed (2005) found airborne

fungi at mean values of 71, 64, and 175 CFU/p/h in

urban and vegetable and chamomile growing areas,

respectively. Cladosporium, Alternaria, Aspergillus,

and Penicillium are the dominant fungal genera in the

air environment (Khan et al. 1999).

Fungi and actinomycetes alter the taste and odour

of water. Actinomycetes and fungi cannot be excluded

as possible pathogens (Muittari et al. 1980). Exposure

to fungi and actinomycetes can lead to allergic

respiratory symptoms in sensitive persons (Lacey

and Crook 1988). Alternaria spore concentrations

may be responsible for increasing levels of respiratory

diseases (Corden and Millington 2001).

The authors were aware that airborne and water-

borne fungi and actinomycetes were poorly studied in

Egypt, particularly along the Nile river ecosystem.

Study of airborne and waterborne microorganisms at

as many geographical sites as possible is important in

understanding the distribution and prevalence of

microorganisms in relation to the location, the

microenvironment, and human activity. The objective

of this study was to investigate the distribution and

prevalence of fungi and actinomycetes in air (1 m

above the water surface) and water environments at

eight trapping sites within a *50-km stretch of the

Nile river, to study the biodiversity of fungi, and to

monitor mycotoxin-producing fungi in both air and

water environments.

2 Materials and methods

2.1 Locations description

Sampling of air and water was performed at eight

sites within a *50 km stretch along the Nile river

(Fig. 1). The estimated distance between each sam-

pling site averaged 4–6 km, and the sites were

representative of different human activity, lifestyle,

and microenvironment. The main property and

activity of each sampling site are shown in Table 1.

2.2 Sampling and isolation methods

Air and water sampling was performed twice per

month during the period between April and July 2005

(warm months), the time when environmental condi-

tions help microbial growth. Two consecutive

samples were collected during every sampling event,

a total of eight samples were collected at every

sampling site. The gravitational method was used to

collect airborne fungi and actinomycetes (Pelczar

et al. 1993). Petri dishes, two replicates, containing

rose bengal streptomycin agar and starch casein agar

were exposed to the air for 10–15 min, for counting

of airborne fungi and actinomycetes, respectively.

Petri dishes were placed at a height of *1 m above

the water surface.

Water samples were obtained at a depth of

*30 cm below the water surface, using sterile glass
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bottles. One millilitre of water sample was spread–

plated onto replicate plates containing rose bengal

streptomycin agar and starch casein agar for counting

waterborne fungi and actinomycetes, respectively.

Air and water samples were taken between 9 am and

4 pm at approximately one-half of the width of the

Nile river. Water temperature and relative humidity

ranged between 23 and 25�C and 6.8 and 7.2,

respectively, whereas atmospheric temperature varied

between 25 and 32�C.

Air and water-inoculated plates were incubated for

5–7 and 7–15 days at 28�C for counting of fungi and

actinomycetes, respectively. The resulting colonies

were counted and the mean count from the consec-

utive samples was calculated. The counts are

expressed as colony-forming units per plate per hour

(CFU/p/h) and colony-forming units per millilitre

(CFU/ml) for airborne and waterborne microorgan-

isms, respectively. Fungal colonies were isolated,

purified, and identified to the genus level, with the

exception of Aspergillus genus, which was identified

to the species level. Identification was performed

mainly on the basis of macro and micro-morpholog-

ical features, and reverse and surface colouration of

colonies on the different media (Ellis 1976; Barnett

1972; Singh et al. 1991; Barnett and Hunter 1999).

2.3 Statistical analysis

The Mann–Whitney U test was used to ascertain the

significance of differences between mean values of

two independent groups for non-parameter distribu-

tion. A probability less or equal to 0.05 (P B 0.05)

was considered significant.

3 Results

The mean counts of airborne and waterborne fungi and

actinomycetes at different sampling sites along the

Nile river are shown in Figs. 2 and 3, respectively.

Airborne fungi and actinomycetes varied within

135.6–516 CFU/p/h and 46–222 CFU/p/h, respec-

tively. The highest counts of airborne fungi

(516 CFU/p/h) and actinomycetes (222 CFU/p/h)

were detected at the Al-Qanater Al-khairyia and

Imbaba sites, respectively. Slightly higher counts

of airborne actinomycetes were also found in

Fig. 1 Map of the greater Cairo area showing the sampling

sites

Table 1 The main properties of the sampling sites

Sampling site Main property

South Cairo sites

1. Kafr El-elwe Ship-building industry

2. El-Hawamdiya Sugar cane factory

3. Kosika Starch and glucose factory

Old Cairo site

4. El-Malek Saleh Drinking-water-treatment plant;

various human activities

City centre site

5. Al-Galaa Many entertainment sport clubs;

heavy traffic

North Cairo sites

6. Imbaba Drinking-water-treatment plant;

plant-growing areas

7. Tanash Boats for tourism; plant-growing areas

8. Al-Qanater

Al-khairyia

Entertainment site; heavy vegetation

and open garden areas

Aerobiologia (2008) 24:231–240 233
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Tanash (180 CFU/p/h) and Al-Qanater Al-khairyia

(167.6 CFU/p/h) (Fig. 2). On the other hand, the

counts of waterborne fungi and actinomycetes ranged

between 8–56.4 and 9.2–15.4 CFU/ml, respectively.

The highest counts of waterborne fungi (56.4 CFU/ml)

and actinomycetes (15.4 CFU/ml) were detected at the

Al-Galaa and Kafr-Elelwe sites, respectively (Fig. 3).

Results from the Mann–Whitney U test showed

there were significance differences (P B 0.05)

between airborne fungi at the Imbaba, Tanash, and

Al-Qanater Al-khairyia sites compared with the other

sampling sites (Table 2). The distribution of water-

borne fungi was shifted toward the Al-Galaa site

(P B 0.05). Significant differences were found

between airborne actinomycete counts, with actino-

mycete populations shifted toward suburban sites in

north Cairo (Table 3). Moreover, significant differ-

ences were found between waterborne fungi at the

Imbaba and Tanash sites compared with the other
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Fig. 2 Airborne fungi and actinomycetes at the eight sampling

sites along the Nile river
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sampling sites. In contrast, the distribution of water-

borne actinomycete populations was identical

(P C 0.05) at the sampling sites (Table 3).

A total of 1,816 fungal colonies (943 from air and

873 from water samples) were identified (Table 4).

Aspergillus, Alternaria, Cladosporium, Penicillium,

and yeasts were the predominant fungal genera in air

and water at different sampling sites. Aspergillus and

yeasts were the predominant genera in the air and water

environments. Aspergillus varied between 1.88 and

44.9% in air and between 1.88 and 12.9% in water.

Yeasts varied between 2.79 and 24.87% and between

21.5 and 90.56% in air and water, respectively.

Dreschlera, Verticillium, Stachybotrys, Nigrospora,

and Spicaria were only found in the air environment,

Epicoccum, Philaphora, Phoma, and Ulocladium were

only found in the water environment (Table 4). The

potential mycotoxin-producing fungi, including

Aspergillus flavus, Aspergillus parasiticus, Asper-

gillus niger, Fusarium, Penicillium, Trichoderma,

Alternaria, and Stachybotrys were detected at different

levels in both air and water samples (Table 4).

4 Discussion

Limited studies have been carried-out on fungi and

actinomycetes in air and water along the river streams

nationally and internationally. In this study air and

water samples were collected during warm months

when the number of microorganisms in the water

surface can vary. A variety of environmental factors,

including climate, affect the distribution of fungi

among specific sources. Some fungi produce spores

in response to specific climatic factors and most can

produce spores over a range of temperatures (15–

30�C). Spore concentrations usually increase through

the summer months (AAAI 1993). The maximum

airborne fungal spore counts have been found during

warm months (Abdel Hameed 2005). Moreover, Ren

et al. (2001) concluded that increased temperature

and suitable relative humidity might lead to higher

microfungi counts.

The gravitational method was used to isolate

airborne spores because of its practical usage and

low cost. Moreover, it is easy to use in the middle of

rivers. On the other hand, it gives a rough approx-

imation of the counts (Pelczar et al. 1993) and its

reliability is affected by the size and the shape of theT
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particles and the motion of the surrounding air

(Reponen et al. 2001).

It is well documented that fungi can alter the taste

and odour of water. The occurrence and variation of

waterborne fungi have been globally studied in Japan

(Tojo et al. 1992), Taiwan (Ann and Ko 1985), India

(Khuble 1991), and Egypt (El Hissy et al. 1994). In

contrast, few studies have been carried-out on

actinomycetes, despite the serious odour and taste

problems caused by these organisms (Paterson 1971).

Therefore, examination of airborne and waterborne

fungi and actinomycetes along an aquatic system

helps to determine air and water quality and to

understand their relationships with different human

activities and microenvironments.

Fungi and actinomycetes are widespread in the air

environment; they originate from different sources

such as soil, plants, and water. In this study airborne

and waterborne microbial counts and types varied

between different sites. This variation may be attrib-

uted to many factors including character of

geographical location, human activity in the region,

and plant-growing areas (Lacey 1981 and Pasanen

1992). The results from this study agree with those of

Abdel Hameed (2005) who found airborne fungi at

mean values of 71, 64, and 175 CFU/p/h in urban and

vegetable and chamomile-growing areas, respectively.

Fungal and actinomycete spores in the aquatic envi-

ronment may become airborne through water droplets

released as a wave breaks or as airborne bubbles rise to

the surface and burst out of the water stream (Lacey

1981). In contrast airborne spores may reach water by

deposition and rain washing-out action. Water move-

ment is considered an effective factor causing

variations of waterborne microorganisms. These vari-

ations were confirmed by Smither-Kopperl et al.

(1998) who reported that fungal spores were dispersed

rapidly by moving water. Hasnain et al. (1984) stated

that basidiospores and ascospores may be elevated

near standing or running water. Peciulyte et al. (2000)

concluded that counts of waterborne fungi varied

between different locations. Awad et al. (2006) found

fungal spores in rain water in the range 200–240 CFU/

ml. This confirms that rain is one way microorganisms

reach water bodies.

In this study airborne fungi and actinomycete

spores were higher at suburban sampling sites

(Imbaba, Tanash, and Al-Qanater Al-khairyia) than

other sites, where different types of vegetation andT
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many agricultural activities are present. Damped

wood panels and agricultural waste water are con-

sidered the main reasons for slightly elevated counts

of waterborne actinomycetes in Kafr El-elwe. The

elevated count of waterborne fungi at the Al-Galaa

site (city centre) is attributed to extensive human

activity, heavy traffic, and dead organic matter

reaching the water body. Burman (1973) reported

that under normal conditions it is possible that

actinomycetes are washed into water from soil, so

that the relative abundance of Streptomyces species in

the River Thames, UK, is the same as the abundance

in the surrounding soil. In this study airborne

actinomycetes were found in lower counts than fungi.

Because actinomycetes are smaller in size, they are

more difficult to transport as aerosols and their

settling velocity is slower than for fungi.

Discovery of the occurrence of fungi in a particular

environment contributes to extending information

about species diversity. In this study the fungal genera

identified agree with results obtained by Hassin (1993)

who found that Aspergillus, Penicillium, Rhizopus,

Fusarium, Trichoderma, Cladosporium, Scopularop-

sis, Alternaria, and Paecilomyces were the dominant

fungal genera in the Nile river at Dakahlia governorate

(East Delta). Cladosporium, Alternaria, Penicillium,

and Aspergillus were reported to be the dominant

fungal genera in the atmosphere, and their concentra-

tions differed from place to place, because of local

environmental variables and human activities (Shelton

et al. 2002). Alternaria, Aspergillus, and Penicillium

are the predominant fungal genera in the air of Kuwait

(Moustafa and Kamel 1976) and Nigeria (Lawande

and Onyemehkwe 1984). Alternaria, Aspergillus,

Penicillium, and Cladosporium were the dominant

fungal isolates in urban and rural areas (Abdel

Hameed 2005). The frequent detection of these

organisms in an environment is attributed to their

ready dissemination into the air from many sources

including vegetation and urbanization activities. In

this study Stachybotrys was only recorded in air; it is a

toxic and allergenic fungus (Johanning et al. 1996)

and its presence in air is being debated (Etzel et al.

1998). Epicoccum, Philaphora, Phoma, and Ulocla-

dium were only found in water; this may be attributed

to their hydrophilic properties (Kowalski 2000).

Surveys of fungi in drinking water have recovered

many different taxa including Aspergillus flavus

(Goncalves et al. 2006) and Aspergillus fumigatus

(Anaissie et al. 2003). Paterson et al. (1997) reported

that many fungi producing aflatoxins are found in

water. Aflatoxins are carcinogenic to animals and

humans and can cause acute or chronic intoxication

and damage to human food and animal feed products

(Marasas and Nelson 1987). Mycotoxins can be

produced by Aspergillus flavus and Aspergillus par-

asiticus (IARC 1982) and ochratoxin A is produced

by Aspergillus ochraceous (Bayman et al. 2002).

Air may contain fungi (Fusarium, Aspergillus,

and Trichoderma) that produce mycotoxins. Some

mycotoxins, in low concentrations, may cause gas-

trointestinal disorders and damage to haemopoietic

and genital systems (Mandrioli et al. 2003).

Many of the air and waterborne fungi detected

may be pathogenic to aquatic and terrestrial plants

and may cause diseases in humans. Mucor, Stemphy-

lium, Fusarium, and Alternaria are plant pathogens.

Fusarium species are common plant pathogens. They

have a fairly wide host range and are known to cause

vascular wilt in tomatoes and other crops (Richardson

et al. 1988). Outdoor allergens play a role in allergic

rhinitis in humans (Burge and Rogers 2000). Many

of the fungi detected, for example Aspergillus,

Cladosporium, Alternaria, Fusarium, Mucor, and

Penicillium are allergenic agents (Chin-Shan et al.

1995). Elevated concentrations of Cladosporium are

usually associated with respiratory symptoms and

increased concentrations of Cladosporium and

Penicillium cause allergic diseases (Li et al. 1995).

Actinomycete spores cause inflammatory disorders

and pulmonary alveolitis (Reponen et al. 2001).

Some streptomycetes are causative agents of potato

scab that cause a significant financial loss to agricul-

tural products (Takeuchi et al. 1996).

Much basic research is still needed on fungi and

actinomycetes to understand their ability to survive

and proliferate in different environments and to

elucidate factors that control their dispersal in air

and water environments. A database of air and

waterborne fungi and actinomycetes in different parts

of the Nile river in different seasons should also be

produced in the future.

5 Conclusion

Airborne and waterborne fungi and actinomycetes

varied between sites depending on geographical

238 Aerobiologia (2008) 24:231–240

123



location, human activity, and local and intermediate

sources. Aspergillus, Alternaria, yeasts, and Penicil-

lium were the dominant fungal genera in both air

and water environments. Airborne and waterborne

fungi along the Nile river shifted toward the Al-

Qanater Al-khairyia and Al-Galaa sites, respectively.

The distribution of waterborne actinomycetes was

identical between locations. Fungi producing myco-

toxins (Aspergillus flavus, Aspergillus fumigatus, and

Aspergillus parasiticus), Fusarium, and Alternaria

were detected in water samples. Evaluation of

airborne fungal and actinomycete spores may be

useful allergologically and ecologically. Two unan-

swered questions are raised by this study:

1 Is there any process for removal of mycotoxins

from drinking water during treatment?

2 Is there any limit value for mycotoxins in water if

they are detected to be present?

Further studies are needed to evaluate mycotoxin

concentrations and types in surface water and air

environments.
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