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The diversity of culturable airborne
fungi in an active South African gold
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S

EVERAL STUDIES HAVE BEEN CONDUCTED

on the presence and diversity of airborne
fungal spores in residential and occupational areas. This is the first investigation on
this topic in the mining environment. The
impact of fungi—especially as opportunistic
pathogens—on their health and productivity
needs to be assessed, considering the compromised health of a large number of HIVinfected miners in South Africa. Accordingly,
the aim of this study was to determine the
abundance of fungal spores as well as the
diversity of culturable airborne fungi in an
active gold mine. The results indicate that
three of the sampled sites in the mine contain
abundant numbers of culturable airborne
fungi. The first site was next to an auxiliary
extraction fan, which could act as an accumulator for airborne fungal spores from the rest
of the mine. The two other sites had high
human activity, disturbances from which may
contribute to an elevated fungal load in the air.
The presence of timber supports at one site
may serve as a growth substrate for several
fungal genera. The diversity of filamentous
fungal genera increased from outside the
mine to deeper into the mine, whereas the
diversity of yeast genera followed an opposite
trend, with no yeasts detected deep in the
mine. Although most of the isolates identified
are not pathogens, they could still have a
negative impact (either as opportunistic
pathogens or allergens) on workers, especially
immunocompromised persons if exposed to
them for prolonged periods.

Introduction
No assessment has yet been made of the
impact of fungi on the health and performance of mine workers, although extensive research has been conducted on
occupational hazards associated with the
unique and often harsh conditions of
mining activities. The ability of fungi
to act as opportunistic pathogens in
immunocompromised persons is of
specific importance.1 It is known that
fungal diseases are increasing among
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HIV-infected people, and almost any
fungus is now considered to be able to
cause disease in an immunocompromised
person. Furthermore, fungi and their
spores are known to be allergenic, causing
occupational asthma, irritation of the respiratory system and dermatitis in otherwise healthy people.2–4 In addition, the
respiration of fungal spores and the subsequent low-level exposure to mycotoxins
and β-D-glucan could have adverse effects
on workers’ immune systems.5
This study aims to provide a better
understanding of possible diversity of
pathogens and/or allergens in the air
circulating through mines because the
mining environment provides a unique
habitat for fungi.
Methods
See appendix.
Results and discussion
Table 1 (see supplementary material
online at www.sajs.co.za) lists the average
CFU/m 3 air count obtained for each
sampling site. The main observation that
can be made from these data is that the
site with the greatest CFU/m3 air value
was next to the auxiliary ventilation fan.
Since the literature records that there is a
positive correlation between wind speed
and spores/m3 in the air,12 it is expected
that this site will also have the highest
recorded wind speed (5.97 m s–1). During
an extensive literature search, no healthrelated limits to permissible amounts of
fungal spores in the air could be found,
although several governments are formulating guidelines for building owners and
occupational-health officers. Our counts
do not appear to be excessively high compared with other reports of viable and
non-viable spores/m3.12,13 However, Bush
and Portnoy3 state that indoor CFU/m3
counts of 1000 or more are deemed as
hazardous indoor fungal contamination.
If this is taken into account, this site, as
well as the active drilling site and the
stope would be of concern, as counts of
more than 1000/m3 were obtained for
these three locations. We suggest that it is
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unlikely that fungi are actively growing
next to the auxiliary ventilation fan, but
that this site rather acts as an accumulator
of fungal spores that are present in the
rest of the mine. The origin of fungal
contamination at the active drilling site
needs further investigation. The timber
supports in the stope can be a possible
source of fungal growth and contamination
at this site. Because these samples were
taken in winter, it would be interesting to
compare these counts with results for
summer, when higher spore counts
would be expected.12
The diversity of filamentous fungi and
yeasts obtained from these samples is
shown in Table 2 (see supplementary
material online). The majority of the
isolated filamentous fungi are known to
occur either with cellulose-containing
material, such as wood, or other living or
dead plant material or as soil fungi. These
substrates are abundant in and around
the mine and may serve as sources of
fungi. The isolated yeasts were found to
be mainly those associated with soil and
humans, elements of the mining environment.
Although no specific trend is evident
regarding the total number of genera
(filamentous fungi and yeasts) from the
different sites, it is interesting to note that
the number of recorded filamentous
fungal genera, increased from outside the
mine (6 genera) and at the beginning of
the level of the ore dumping site (5 genera) to deeper in the mine (7 genera at the
ventilation fan and active drilling site;
9 genera at the stope). In the light of this
observation, the higher diversity in the
refuge bay (9 genera) is against expectation, as it has a direct air supply from the
surface. This may indicate the presence of
growing fungi in biofilms that line the
ventilation ducts of the refuge bay. The
findings regarding the number of yeast
genera show a contrasting trend. There
are more yeast genera obtained from the
samples taken outside, and no yeast
isolates obtained from the samples taken
in the stope.
Although very few human pathogens
were identified in this study, we identified several opportunistic pathogens.
This could constitute a health hazard,
especially for those mine workers who are
HIV positive or who have conditions such
as tuberculosis.
Conclusions
We conclude that certain mining sites,
especially those with high wind speed
and human activity, contain health-risk
related numbers and diversity of culturable
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fungal spores in the air. Although most of
the fungal isolates identified were not
human pathogens, inhalation of these
fungal spores could have a negative effect
on the health and productivity of mine
workers—especially those with HIV or
other pre-existing conditions, such as
tuberculosis.
This is the first study of this nature in the
mining environment, and several interesting questions still await investigation.
Some of these include the seasonal variation in fungal spore diversity and numbers, together with a study to determine
the correlation between the occurrence of
fungi and reports of fungal related disease.
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Appendix
Sampling sites
The samples were taken during winter in an
operational gold mine in the Free State province of South Africa (Clark 1880 coordinates:
Y20955.883; X3128473,179; Z1394.456). The
shaft chosen is one of the main ventilation
shafts for the mine and is divided into two sections, one that allows fresh air to enter the mine
and another by which air is returned to the surface by means of extraction fans. We took samples at six different sites in order to obtain
information on the distribution of culturable
fungal spores throughout the shaft.
Because fungal spores circulating in the air in
the mine could be entering from outside the
mine, the first site of interest was at the intake
of the down-cast shaft, which serves as one of
the main sources of air for this part of the mine.
The second site was at the beginning of the
level (at a depth of 668.5 m) where the main
activity was ore-dumping. The third site was
next to an auxiliary ventilation fan that returns
air to the surface. The fourth site was inside a
refuge bay. Of note is that these bays have a
separate air supply directly from the surface.
The fifth location was an active drilling site,
with high human activity. The sixth site was a
stope, with high human activity as well as the
presence of timber props.
Sampling techniques
An SAS Super 90 single-stage impactor was
used, with three different media, in order to
detect the greatest diversity of fungal species.6
These were dichloran glycerine selective agar
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(DG18), containing 5.0 g l–1 peptone, 10.0 g l–1
dextrose, 1.0 g l–1 monopotassium phosphate,
0.5 g l –1 magnesium sulphate, 0.002 g l –1
dichloran, 0.1g l–1 chloramphenicol, 18.0 g l–1
glycerol and 15.0 g l–1 agar; 2% malt extract agar
(2% MA), containing 20.0 g l–1 malt extract and
15.0 g l–1 agar as well as 2% malt extract agar
supplemented with pentachloronitrobenzene
(PCNB) to restrict the growth of zygomycetes.
The sampling time was 30 seconds at 30 l min–1.
In addition, wind speed was recorded for each
site.
Cultivation
Different incubation temperatures (25° and
37°C) were used as the objective was to determine the diversity of culturable fungi, including possible pathogens. Randomly selected
representative colonies were further purified
on 2% MA at the two temperatures. Standard
safety procedures were adopted when handling
potential pathogens.
Enumeration and identification
The number of colony-forming units (CFUs)
counted on the surface of the plates was recorded to determine whether significant numbers
of culturable spores are present in the air at the
different sites. Data were corrected for the statistical possibility of multiple spores passing
through the same hole in the sampler. The corrected or probable count was used to calculate
the average colony-forming units (CFU) m–3 air
sampled. Filamentous isolates were identified
to genus, and where possible, species level, using standard taxonomic keys based on colony
characteristics and morphology.7–10 For identification of yeast isolates the D1/D2 region of the
26S rDNA was PCR amplified using primer
pair NL1 (5’- GCATATCAATAAGCGGAG
GAAAAG) and NL4 (5’-GGTCCGTGTTTC
AAGACGG).11 Sequencing reactions were performed with the ABI Prism™ Big Dye terminator™ V3.1 cycle sequencing ready reaction kit,
and data collected on an ABI Prism 377 DNA sequencer (Applied Biosystems). Sequences
were reverse complemented and compared by
using Sequence Navigator V 1.0.1 and assembled using Auto-assembler V1.4.0.
This article is accompanied by supplementary material
online at www.sajs.co.za
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Table 1. Average CFU m air counts obtained for each sampling site.
Incubation temp. (°C)

Average CFU m–3 air

Site

Media*

Outside

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

33
167
300
0
167
0

Ore dumping site

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

533
0
333
0
167
0

Auxiliary ventilation fan

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

4600
3133
1833
8000
3167
1800

Refuge bay

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

233
100
433
367
100
133

Active drilling site

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

1367
500
900
567
1333
2367

Stope

2% MA
2% MA
DG18
DG18
2% MA + PCNB
2% MA + PCNB

25
37
25
37
25
37

667
1100
2433
500
2600
1033

*MA, malt extract agar; DG18, dichloran glycerine; PCNB, pentachloronitrobenzene. CFU, colony-forming units.

Table 2. Diversity of isolates obtained from each sampling site.
Site

Filamentous isolates

Outside

Alternaria sp.
Aspergillus japonicus, A. niger
A. puniceus, A. ustus
A. versicolor
Cladosporium chlorocephalum
Penicillium spp. (incl. P. variable)
Trichoderma viride
Ulocladium chartarum

Yeast isolates
Candida viswanathii
Cryptococcus spp. (incl. C. kuetzingii)
Filobasidium sp.
Rhodotorulla graminis

Ore dumping site

Alternaria sp.
Aspergillus spp. (incl. A. flavipes, A. niger, A. terreus, A. versicolor)
Basidiomycete
Penicillium spp. (incl. P. citrinum)
Ulocladium chartarum

Candida parapsilosis
C. viswanathii
Cryptococcus ater

Auxiliary ventilation fan

Acremonium sp.
Aspergillus spp. (incl. A. flavipes, A. flavus, A. fumigatus, A. niger, A. ochraceus, A. parasiticus,
A. versicolor, A. ventii)
Fusarium semitectum
Penicillium spp. (incl. P. corylophilum, P. glabrum, P. variable)
Stachybotrys chlorohalonata
Staphylotrichum coccosporum
Syncephalastrum racemosum

Candida palmioleophila
C. viswanathii

Refuge bay

Acremonium roseolum
Aspergillus spp. (incl. A. candidus, A flavus, A. fumigatus, A. niger, A. ochraceus, A. versicolor)
Cladosporium cladosporioides
Fusarium semitectum
Memnoniella echinata
Penicillium spp. (incl. P. glabrum, P. purpurogenum, P. rugulosum, P. variable)
Stachybotrys chartarum
Staphylotrichum coccosporum
Ulocladium chartarum

Candida spp. (incl. C. catenulata)
Debaryomyces nepalensis

Active drilling site

Aspergillus spp. (incl. A. carneus, A. flavus, A. fumigatus, A. niger, A. ochraceus,
A. parasiticus, A. terreus, A. versicolor)
Basidiomycete
Cladosporium cladosporioides
Eurotium chevalieri
E. herbariorum
Paecilomyces variotii
Penicillium spp. (incl. P. brevicompactum, P. corylophilum, P. glabrum, P. variable)
Staphylotricum coccosporum

Candida palmioleophila
C. rugosa
C. viswanathii

Stope

Acremonium roseolum
Aspergillus spp. (incl. A. candidus, A. flavipes, A. flavus, A. fumigatus, A. kanagawaensis,
A. niger, A. niveus, A. parasiticus, A. ustus, A. versicolor)
Basidiomycete
Eurotium sp.
Memnoniella echinata
Paecilomyces variotii
Penicillium spp. (incl. P. brevicompactum, P. nalgiovense)
Staphylotrichum coccosporum
Syncephalastrum racemosum

No yeast isolates were obtained

