
 

 

  
Abstract—Thirty six samples from each (aerobic and anoxic) 

activated sludge were collected from two wastewater treatment plants 
with MBRs in Berlin, Germany. The samples were prepared for count 
and definition of fungal isolates; these isolates were purified by 
conventional techniques and identified by microscopic examination. 
Sixty tow species belonging to 28 genera were isolated from 
activated sludge samples under aerobic conditions (28 genera and 58 
species) and anoxic conditions (26 genera and 52 species). The 
obtained data show that, Aspergillus was found at 94.4% followed by 
Penicillium 61.1 %, Fusarium (61.1 %), Trichoderma (44.4 %) and 
Geotrichum candidum (41.6 %) species were the most prevalent in all 
activated sludge samples. The study confirmed that fungi can thrive 
in activated sludge and sporulation, but isolated in different numbers 
depending on the effect of aeration system. Some fungal species in 
our study are saprophytic, and other a pathogenic to plants and 
animals. 

 
Keywords—Activated sludge, membrane bioreactors, aerobic, 

anoxic conditions, fungi 

I. INTRODUCTION 
HE activated-sludge process is a biological method of 
wastewater treatment that is performed by a variable and 

mixed community of microorganisms in an aerobic aquatic 
environment. These microorganisms derive energy from 
carbonaceous organic matter in aerated wastewater for the 
production of new cells in a process known as synthesis. The 
number and type of fungi in sludge depends on various factors 
namely, the wastewater source, the type of treatment plant, 
and other environmental factors such as the biological medium 
offered by the sewage sludge [1].Among the organic 
substances present in activated sludge are carbohydrates, 
lignin, fats, soaps, synthetic detergents, proteins and their 
decomposition products, as well as various natural and 
synthetic organic chemicals from process industries. Activated 
sludge (wastewater) with their high organic content is a 
suitable medium for a large number of microorganisms 
including some species of fungi [2]. Sewage sludge is valuable 
source of mineral substance and could be used as fertilizer in 
agriculture. In the case of natural utilization, knowledge 
related to mycoflora inhabiting sewage sludge seems to very 
important, with regard to possibility of introduction to soil not 
only bacteria and parasites, but also fungi pathogenic for 
human and animals or even plants. At fertilization or irrigation 
pathogenic fungi may include in food chain and stay in 
environment for long time [3]. 
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There are many conditions, which may increase the health 
risk of wastewater reuse in agriculture. The first of these 
conditions is survival time of pathogenic microorganisms. The 
natural survival time of pathogenic organisms depends on the 
carrying medium and the environment. The survival time is a 
time during which pathogens are capable of causing diseases if 
they came into contact with a host under favorable condition.  
The second of these conditions are pathogenic bacteria, 
viruses, protozoa, nematodes and fungi capable of causing 
diseases which can be found in foods contaminated with 
sewage water [4], [ 5]. On the other hand Pathogenic 
microorganisms can be transferred from raw sewage and 
secondary effluent during the irrigation process, directly or in 
directly to the plants, animal and human, also make various 
infectious diseases. Thus, the present study is conducted on 
the composition, numbers and incidence of various species of 
fungi inhabiting activated sludge and effect of aerobic and 
anoxic conditions on the prevalence of mycoflora. 

II.  MATERIALS AND METHODS 
Thirty six samples from each aerobic and anoxic activated 

sludge were taken from wastewater treatment plants with 
MBRs during the period of nine months (from August/08 to 
April/09) from tow places of Berlin (Vera in Wedding, and 
Berliner Wasserbetriebe (BWB) in Margaretenhöhe, Berlin). 
Samples were put in clean and sterile Boatels sealed and 
transferred to the laboratory and stored at 4oC, where fugal 
analysis was made. The media were used for isolation of fungi 
from activated sludge was 50 % Sucrose Czapek-Dox agar. 
The media composition was a modified (Sucrose 20.0 g/L; 
sodium nitrate, 3.0 g/L; potassium chloride, 0.5 g/L; 
magnesium sulphate, 0.5 g/L; ferrous sulphate, 0.01 g/L; 
potassium dihydrogen phosphate, 1.0 g/L; agar, 15.0 g/L and 
distilled water 1000 ml )  and Chloramphenicol 50 mg/L, 
which was used as bacteriostatic agent. All compositions of 
isolation media were added prior to autoclaving at 121 oC for 
20 minutes, except chloramphenicol, which was sterilized and 
added to the media after autoclaving. After wards, aliquots of 
0.1 ml homogenized activated sludge [6] was put into Petri-
dish followed by 20 mL 50 % Sucrose Czapek-Dox agar 
media (3 replicates).  Plates were incubated at 30 oC for 1-2 
weeks to allow for development of pigment on colonies to 
facilitate complete differentiation of fungal types. Repeated 
sub-culturing on PDA medium was necessary to obtain pure 
cultures. Sporulation was induced by subjecting cultures to 
cultures to ultraviolet light. Isolates were characterized 
according to morphological features, cultural characteristics 
such as pigmentation of the mycelium and direction of growth 
of the hypha, whether aerial or lateral, microscopic 
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observation of structures involved in asexual reproduction 
e.g., conidia or spores, and in sexual reproduction, and the 
presence of fruiting bodies. Light photomicrographs were 
made mostly from slide cultures. Slide cultures were made by 
removing a small cylinder of the agar medium by a cork borer, 
and inserting it on the surface of the same agar inside a Petri-
dish. The top cylinder is inoculated with the fungus and 
covered with a sterilized cover slip. After few days, the fungus 
growing on the cover slip is gently stained with cotton blue 
and mounted in lactophenol. Identification was accomplished 
using appropriate taxonomic techniques, [7]; [8]; [9]; [10]; 
[11]; [12]. 

III. RESULTS 

A. Fungi recovered from aerobic activated sludge 
samples 

Fifty-eight species representing 28 genera were collected 
from 36 aerobic samples on 50 % Sucrose Czapek-Dox agar at 
30 oC for 1-2 weeks (Table 1). The total count of fungi in 
aerobic activated sludge ranged between 17-62 colonies/ml 
activated sludge and the highest count was estimated in 
sample No. 23.  Also, the data in Table 3.6 indicated the 
Aspergillus was the most common genus and was recovered in 
high frequency of occurrence 94.4 % of samples constituting 
21.1 % of total fungi. The count of Aspergillus ranged 
between 1-16 colonies/ ml activated sludge. It was represented 
by 11 species of which A. fumigatus was isolated in high 
frequency and A. niger was isolated in moderate frequency. 
They emerged in 55.5 % and 41.6 % of samples matching 58.8 
% and 44.1 % of total Aspergillus and 6.0 % and 4.6 % of 
total fungi, respectively. A. flavus var. columnaris, A. flavus 
var. flavus, A. alulaceus, A. carneus, A. nidulans (Emericella 
nidulan), A. oryzae, A. terreus var. africanus, A. terreus var. 
terreus, and A. ustus were isolated in moderated, low or rare 
frequency. They emerged in 19.4 %, 30.5 %, 5.5 %, 2.7 %, 5.5 
%, 11.1 %, 8.3, 2.7, and 5.5 % of samples matching 20.6 %, 
32.4 %, 5.9 %, 2.9 %, 5.9 %, 11.7 %, 8.8 %, 2.9 %, and 5.9 % 
of total Aspergillus, respectively. 

Data in Table 1 showed that Fusarium occupied the second 
place in the number of cases of isolation and was recovered in 
high frequency of occurrence 61.1 % of samples constituting 
6.2 % of total fungi. Its counts ranged between 1-6 colonies/ml 
activated sludge. Fusarium was represented by 4 species of 
which F. dimerum, F. oxysporum, F. solani, and F. roseum, 
were isolated in moderate and low frequency and emerged in 
27.7 %, 13.8 %, 11.1 %, and 8.3 % of samples matching 45.4 
%, 22.7 %, 18.2 %, and 13.63 % of total Fusarium and 3.3 %, 
1.8 %, 1.0 %, and 0.95 % of total fungi, respectively. 
Penicillium was also common and ranked third according to 
their total counts. It was encountered in 55.5 % of samples 
constituting 12.0 % of total fungi. The genus counts ranged 
between 1-9 colonies/ml activated sludge giving maximum in 
sample No. 9 (9 colonies). It was represented by 6 species of 
which P. chrysogenum and P. citrinum, were isolated in low 
frequency and emerged in 19.4 % and 22.2 % of samples  

 
matching 35.0 % and 40.0 % of total Penicillium, respectively. 
Penicillium brevicompactum, P. corylophilum, P. oxalicum, 
and P. roqueforti were isolated in rare frequency. They 
emerged in 8.0 %, 2.0 %, 8.0 %, and 2.0 % of samples and 15.0 
%, 5.0 %, 5.0 %, and 15.0 % of total Penicillium, respectively 
(Table 1). 

Alternaria isolated in moderate frequency and was 
recovered 36.1 % of samples and represented by 2 species, A. 
alternata and A. chlamydospora were recovered from 8.3 % 

TABLE I  
NUMBERS OF CASES OF ISOLATION (OUT OF 36), PERCENTAGE FREQUENCY 

AND OCCURRENCE REMARKS OF   FUNGAL GENERA AND 
SPECIES RECOVERED FROM AEROBIC ACTIVATED SLUDGE WITH MBRS 

ON 50 % SUCROSE CZAPEK-DOX AGAR MEDIA AT 30OC 
Aerobic activated 

sludge Genera and Species 
NCI %F OR 

Acremonium 6 16.6 L 
A. curvulum W. Gams 3 8.3 R 
A. strictum W. Gams 4 11.1 R 
Alternaria 13 36.1 M 
A. alternata (Fr.) Keissl. 3 8.3 R 
A. chlamydospora   Mouch. 10 27.7 M 
Aspergillus 34 94.4 H 
A. alutaceus var. alutaceus  Berk. & M.A. 
Curtis 

2 5.5 R 

A. carneus Blochwitz 1 2.7 R 
A. flavus Raper & Fennell  var. columnaris 7 19.4 R 
A. flavus Link var. flavus 11 30.5 M 
A. fumigatus  Fresen. 20 55.5 H 
A. nidulans (Emericella nidulan)  (Eidam) G. 
Winter 

2 5.5 R 

A. niger sensu auct. pro parte, pre 15 41.6 M 
A. oryzae (Ahlb.) E. Cohn 4 11.1 R 
A. terreus var. africanus  Fennell & Raper 3 8.3 R 
A. terreus var. terreus Thom 1 2.7 R 
A. ustus (Bainier) Thom & Church 2 5.5 R 
Aurobasidium pullulans (de Bary) Arnaud 1 2.7 R 
Botryodiplodia theobromae Pat. 1 2.7 R 
Chaetomum 6 16.6 L 
C. cochliodes Palliser 4 11.1 R 
C. globosum Kunze 2 5.5 R 
Chrysosporium 5 13.8 L 
C. georgii (Vasravsky&Ajello) Oorschot 4 11.1 R 
C. tropicum J.W. Carmich. 2 5.5 R 
Cladosporium 9 25.0 M 
C. cladosporioides (Fresenius) de Vries 4 11.1 R 
C. herbarum (Pers.) Link 2 5.5 R 
C. oxysporum Berk. & M.A. Curtis 4 11.1 R 
Cochliobolus lunatus  R.R. Nelson & F.A. 
Haasis 

3 8.3 R 

Doratomyces stemonitis (Pers.) F.J. Morton & 
G. Sm 

8 22.2 L 

Fusarium 22 61.1 H 
F. dimerum Penz. 10 27.7 M 
F.  oxysporum  Schltdl. 5 13.8 L 
F. roseum Link 3 8.3 R 
F. solani (Mart.) Sacc. 4 11.1 R 
Geosmithia lavendula (Raper & Fennell) Pitt 3 8.3 R 
Geotrichum candidum Link 5 13.8 L 

  
NCI = Number of cases of isolation (out of 36), % F = Percentage 
frequency of occurrence (calculated per 36 samples), OR = Occurrence 
remarks: [H= High occurrence, isolated more than 18 cases (out of 36 
samples), M = Moderate occurrence, from 9 to 18 cases, L = Low occurrence, 
from 5 to 8  
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and 27.7 % of samples matching and 23.1 % and 76.9 % of 
total Alternaria, respectively. Geotrichum candidum was 
recovered 36.1 % of samples and 4.9 % of total fungi. 
Scopulariopsis was isolated in moderate frequency and 
emerged in 36.1 % of the samples and 5.48 % of total fungi 
and represented by S. asperula and S. brevicaulis and were 
recovered from 19.4 % and 8.3 % of samples matching 53.8 % 
and 46.2 % of total Scopulariopsis and 3.1 % and 2.3 % of 
total fungi, respectively. 

Trichoderma was isolated in moderate frequency and 
emerged in 33.3 % of sample and 6.5 % of total fungi. Three 
species were identified T. hamatum and T. koningii, T. viride 
and were recovered from 11.1 %, 13.8 %, and 11.1 % of 
samples matching 46.6 %, 40.0 % and 26.6 % of total 
Trichoderma and 1.7 %, 2.0 % and 2.9 % of total fungi, 
respectively. Unidentified yeasts were recovered from 27.7 % 
of samples and 6.8 % of total fungi. Cladosporium was 
isolated in moderate frequency and emerged in 25.0 % of 
samples and 3.39 % of total fungi. Three species were 
identified C. cladosporioides; C. herbarium and C. oxysporum 
and were recovered from 11.1 %, 11.1 %, and 5.5 % of 
samples matching  44.4 %, 44.4 %, and 22.2 % of total 

Cladosporium and 0.5 %, 1.6 %, and 1.3 % of total fungi, 
respectively. 

Doratomyces stemonitis was isolated in low frequency and 
emerged in 22.2 % of samples and 3.1 % of total fungi. 
Rhizopus was isolated in low frequency and emerged in 19.4 
% of samples and 3.1 % of total fungi and represented by R. 
arrhizus and R. oryzae were recovered from 13.8 % and 5.5 % 
of samples matching 80.0 % and 60.0 % of total Rhizopus, and 
2.3 % and 0.7 % of total fungi, respectively. Mucor was 
represented by M. circinelloides and recovered from 19.4 % of 
samples and 2.6 % of total fungi. 

The presented data in Table 1 show that, Acremonium; 
Chaetomum; Gibberella and Paecilomyces were recovered 
from 16.6 % of samples and 2.3 %, 3.7 %, 2.3 %, and 2.1 % of 
total fungi, respectively. Acremonium was represented by A. 
curvulum and A. strictum were recovered from 8.3 % and 11.1 
% of samples matching 50.0 % and 66.6 % of total 
Acremonium and 1.3 % and 1.0 % of total fungi, respectively; 
Chaetomum was represented by C. cochliodes and C. 
globosum, were recovered from 11.1 % and 5.5 % of all 
samples matching 66.6 % and 33.3 % of total Chaetomum, 2.3 
% and 1.3 % of total fungi, respectively, Gibberella was 
represented by G. fujikuroi var. fujikuroi, and Paecilomyces 
was represented by P. lilacinus and P. variotii were recovered 
from 8.3 % and 11.1 % of samples. Chrysosporium was 
recovered from 13.8 % of samples and represented by C. 
georgii and C. tropicum  and were recovered from 11.1 % and 
5.5 % of samples matching 80.0 % and 40.0 % of total 
Chrysosporium and  1.8 % of total fungi, respectively. 
Stachybotrys and Ulocladium ware isolated in rare frequency 
and emerged in 11.1 % of samples and 1.5 % of total fungi; 
Stachybotrys was represented by S. chartarum and S. elegans 
and were recovered from 5.5 % and 2.7 % of samples and 
Ulocladium was represented by U. chartarum. 

Cochliobolus lunatus, Geosmithia lavendula, Gliocladium 
roseum and Syncephalastrum racemosum and were isolated in 
rare frequency of occurrence matching collectively 8.3 % of 
all samples. Aurobasidium pullulans; Botryodiplodia 
theobromae; Phialophora verrucosa; Setosphaeria rostrata 
and Trichophyton ajelloi var. ajelloi were isolated in rare 
frequency of occurrence matching collectively 2.7 % of all 
samples (Table I). 

B. Fungi recovered from anoxic activated smples 
Fifty-two species representing 26 genera were collected 

from 36 samples of each anoxic activated sludge on 50 % 
Sucrose Czapek-Dox agar at 30 oC for 1-2 weeks as presented 
in Table II. The total count of fungi in anoxic activated sludge 
ranged between 12-58 colonies/ml activated sludge and the 
highest count was estimated in sample No. 18.  

Data in Table 2 illustrated the Aspergillus was the most 
common genus and was recovered in high frequency of 
occurrence 77.7 % of samples constituting 20.98 % of total 
fungi. The count of Aspergillus ranged between 1-14 colonies/ 
ml activated sludge. It was represented by 9 species of which 
A. niger was isolated in moderate frequency and A. flavus var. 
flavus was isolated in low frequency and were emerged in 27.7 
% and 19.5 % of samples matching 35.7 % and 25 % of  
 

TABLE  I 
CONTINUED 

Aerobic activated 
sludge 

Genera and Species 

NCI %F OR 
Gibberella fujikuroi var. fujikuroi (sawada) 
Wollenweber. 

6 16.6 L 

Gliocladium roseum Bainier 3 8.3 L 
Mucor circinelloides Tiegh. 7 19.4 L 
Paecilomyces 6 16.6 L 
P. lilacinus (Thom) Samson 3 8.3 R 
P. marquandii (Massee) S. Hughes - - - 
P. variotii Bainier  4 11.1 R 
Penicillium 20 55.5 H 
P. brevicompactum Dierckx 3 8.3 R 
P. chrysogenum Thom 7 19.4 L 
P. citrinum Thom 8 22.2 L 
P. corylophilum Dierckx 1 2.7 R 
P. oxalicum Currie & Thom 1 2.7 R 
P. roqueforti Thom 3 8.3 R 
Phialophora verrucosa Medlar 1 2.7 R 
Rhizopus 7 19.4 L 
R. arrhizus Fischer 5 13.8 L 
R. oryzae Went & Prinsen-Geerligs 2 5.5 R 
Scopulariopsis  13 36.1 M 
S. asperula (Sacc.) Hughes 7 19.4 L 
S. brevicaulis (saccardo) Bainier 6 16.6 L 
Setosphaeria rostrata Leonard 1 2.7 R 
Stachybotrys 4 11.1 R 
S.  chartarum (Ehrenberg) Hughes 3 5.5 R 
S. elegans (Pidopl.) W. Gams 1 2.7 R 
Syncephalastrum racemosum Cohn ex Schöter 3 8.3 R 
Trichoderma 12 33.3 M 
T. hamatum (Bonorden) Bainier 4 11.1 R 
T. koningii Oudemans 5 13.8 L 
T. viride Persoon 4 11.1 R 
Trichophyton 1 2.7 R 
T.  ajelloi (Vanbreuseghem)Ajello var. ajelloi 1 2.7 R 
Ulocladium chartarum (Preuss) Simmons 4 11.1 R 
Yeasts 10 27.7 M 
Number of genera = 28 28 
Number of species =  62 58 
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total Aspergillus and  8.2 % and 3.9 % of total fungi, 
respectively. 

Penicillium occupied the second place in the number of 
cases of isolation and was recovered from 61.1 % of samples 
constituting 13.7 % of total fungi. Penicillium was represented 
by 5 species of which P. chrysogenum, P. citrinum, and P. 
oxalicum were isolated in low frequency and emerged in 19.4 
% and 13.8% of anoxic samples matching 31.8 % and 22.7 % 
of total Penicillium and 3.6 %, 5.2 % and 2.3 % of total fungi,  
respectively (Table 2). 

Fusarium occupied the third place in the number of cases of 
isolation and was recovered in high frequency of occurrence 
55.5 % of samples constituting 10.2 % of total fungi.  It was 
represented by 3 species of which F. dimerum, F. oxysporum, 
and F. solani were isolated in moderate and low frequency and 
emerged in 19.4 %, 30.5 % and 11.1 % of samples matching 
35.0 %, 55.0 % and 20.0 % of total Fusarium and 3.6 %, 4.2 
% and 2.3 % of total fungi, respectively. 

Also, Data in Table 2 indicated the Trichoderma occupied 
the fourth place in the number of cases of isolation and was 
recovered from 44.4 % of samples constituting 8.8 % of total 

fungi. Trichoderma was represented by 2 species T. koningii 
and T. viride were recovered from 22.2 % and 25.0 % of all 
anoxic samples matching 50.0 % and 56.0 % of total 
Trichoderma and 3.6 % and 5.2 % of total fungi,  respectively. 
Unidentified yeasts were isolated in moderate frequency and 
recovered 25.0 % of samples and 5.6 % of total fungi. 

Gibberella fujikuroi var. fujikuroi was isolated in low 
frequency and emerged in 22.2 % of samples constituting 4.2 
% of total fungi. Geotrichum candidum was isolated in low 
frequency and emerged in 19.4 % of samples constituting 5.9 
% of total fungi. 

Paecilomyces was recovered 16.6 % of samples constituting 
3.2 % of total fungi. It was represented by P. lilacinus,P. 
marquandii, and P. variotii were recovered from 5.5 %, 5.5 %, 
and 13.8 % of samples matching 22.2 %, 22.2 %, and 55.5 % 
of total Paecilomyces and 0.6 %, 0.9 % and 1.6 % of total 
fungi, respectively. Alternaria (represented by A. alternata, A. 
brassice, and A. chlamydospora), Doratomyces stemonitis, 
Mucor circinelloides and Rhizopus (represented by R. arrhizus 
and R. oryzae) ware isolated in low frequency of occurrence 
matching collectively 13.8 % of samples and 3.0 %, 2.3 %, 2.3 
% and 3.0 % of total fungi, respectively. 

TABLE  II  
NUMBERS OF CASES OF ISOLATION (OUT OF 36), PERCENTAGE FREQUENCY 

AND OCCURRENCE REMARKS OF   FUNGAL GENERA AND 
SPECIES RECOVERED FROM ANOXIC ACTIVATED SLUDGE WITH MBRS 

FOR 50 % SUCROSE CZAPEK-DOX AGAR MEDIA AT 30 OC 
Anoxic activated 

sludge Genera and Species 
NCI %F OR 

Acremonium 2 5.5 R 
A. curvulum W. Gams 1 2.7 R 
A. strictum W. Gams 1 2.7 R 
Alternaria 5 13.8 L 
A. alternata (Fr.) Keissl. 1 2.7 R 
A. brassicae (Berk.) Sacc.   2 5.5 R 
A. chlamydospora   Mouch. 5 13.8 L 
Aspergillus 28 77.7 H 
A.  fischerianus Samson & W. Gams 1 2.7 R 
A. flavus var. columnaris Raper & Fennell   5 13.8 L 
A. flavus var. flavus Link 7 19.5 L 
A. fumigatus  Fresen. 5 13.8 L 
A. niger sensu auct. pro parte, pre 10 27.7 M 
A. oryzae (Ahlb.) E. Cohn 1 2.7 R 
A. terreus var. africanus Fennell & Raper 1 2.7 R 
A. terreus var. terreus Thom 1 2.7 R 
Botryodiplodia theobromae Pat. 2 5.5 R 
Chaetomum 3 8.3 R 
C. cochliodes Palliser 3 8.3 R 
Chrysosporium 4 11.1 R 
C. georgii (Vasravsky&Ajello) Oorschot  2 5.5 R 
C. tropicum J.W. Carmich. 3 8.3 R 
Cladosporium 4 11.1 R 
C. cladosporioides (Fresenius) de Vries 3 8.3 R 
C. oxysporum Berk. & M.A. Curtis 1 2.7 R 
Cochliobolus lunatus R.R. Nelson & F.A. Haasis 1 2.7 R 
Doratomyces stemonitis (Pers.) F.J. Morton & G. 
Sm 5 13.8 L 

Fusarium 20 55.5 H 
F. dimerum Penz. 7 19.4 L 
F.  oxysporum Schltdl. 11 30.5 M 
F. solani (Mart.) Sacc. 4 11.1 R 
Geosmithia lavendula (Raper & Fennell) Pitt 1 2.7 R 
Geotrichum candidum Link 7 19.4 L 

TABLE  II  
CONTINUED 

Anoxic activated 
sludge 

Genera and Species 

NCI %F OR 
Gibberella fujikuroi var. fujikuroi (sawada) 
Wollenweber. 8 22.2 L 
Mucor circinelloides Tiegh. 5 13.8 L 
Paecilomyces 9 25.0 M 
P. lilacinus (Thom) Samson 2 5.5 R 
P. marquandii (Massee) S. Hughes 2 5.5 R 
P. variotii Bainier  5 13.8 L 
Penicillium 22 61.1 H 
P. brevicompactum Dierckx 2 5.5 R 
P. chrysogenum Thom 7 19.4 L 
P. citrinum Thom 7 19.4 L 
P. corylophilum Dierckx 1 2.7 R 
P. oxalicum Currie & Thom 5 13.8 L 
Phialophora verrucosa Medlar 3 8.3 R 
Rhizopus 5 13.8 L 
R. arrhizus Fischer 3 8.3 R 
R. oryzae Went & Prinsen-Geerligs 2 5.5 R 
Scopulariopsis  7 19.4 L 
S. asperula (Sacc.) Hughes 3 8.3 R 
S. brevicaulis (saccardo) Bainier 4 11.1 R 
Setosphaeria rostrata Leonard 3 8.3 R 
Stachybotrys 3 8.3 R 
S.  chartarum (Ehrenberg) Hughes 3 8.3 R 
S. elegans (Pidopl.) W. Gams 1 2.7 R 
Syncephalastrum racemosum Cohn ex Schöter 1 2.7 R 
Trichoderma 16 44.4 M 
T. koningii Oudemans 8 22.2 L 
T. viride Persoon 9 25.0 M 
Trichophyton 3 8.3 R 
T.  ajelloi (Vanbreuseghem) Ajello var. ajelloi 1 2.7 R 
T. terrestre Durie & Frey 2 5.5 R 
Ulocladium chartarum (Preuss) Simmons 1 2.7 R 
Yeasts 9 25.0 M 
Number of genera = 28 26 
Number of species =  62 52 
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Chrysosporium (represented by C. tropicum and C. georgii) 
and Cladosporium (represented by C. cladosporioides and C. 
oxysporum) were isolated in low frequency and emerged in 
11.1 % of samples and 2.3 % and 1.6 % of total fungi, 
respectively. 

Chaetomum cochliodes, Phialophora verrucosa, 
Setosphaeria rostrata, Stachybotrys (represented by S. 
chartarum and S. elegans) and Trichophyton terrestre, were 
isolated in rare frequency and emerged in 8.3 % of anoxic 
samples. Acremonium (represented by A. curvulum and A. 
strictum) and Botryodiplodia theobromae were isolated in rare 
frequency and emerged in 5.5 % of the anoxic samples.  

Cochliobolus lunatus, Geosthmithia lavendula, 
Syncephalastrum racemosum, and Ulocladium chartarum 
were isolated in rare frequency and emerged in 2.7 % of 
anoxic samples (Table II). 

IV. DISCUSSION 
The results indicate that activated sludge is habitat for the 

growth and sporulation of different groups of fungi, both 
saprophytic, pathogenic and some of these fungi also produce 
mycotoxins. A variety of types of filamentous fungi and like-
yeasts was obtained from aerobic and anoxic activated 
sludge.The obtained data showed some different are found for 
most fungal spices among the aerobic and anoxic condition 
this depend on aeration system. Generally, the fungal diversity 
present in both types of activated sludge has been some 
similar, with different spore population. Although, the chance 
of presence fungal spore in aerobic was better than anoxic 
activated sludge. This trend could be explained by the 
continuous turning process of sludge and transfer it from the 
aerobic to anoxic tank. Some fungi were recovered only from 
aerobic activated sludge (Alternaria brassicae, Aspergillus 
alulaceus, A. carneus, A. ustus, Aurobasidium pullulans, 
Chaetomum globosum, Cladosporium herbarium, Emericella 
nidulans var. nidulans, F. roseum, Gliocladium roseum and 
Penicillium roqueforti). Also, Aspergillus fischerianus, 
Paecilomyces marquandii and Trichophyton terrestre were 
encountered only from anoxic activated sludge (Table 1 and 
2). These results agree to some extent with the findings 
reported by [1]-[3]; [5]-[6]; [13]-[18]. Most of fungal isolates 
in our study are will know a pathogenic or potentially 
pathogenic [7]; [14]-[15]; [18]; [20]-[22]. 

V. CONCLUSIONS 
Activated sludge produced from wastewater treatment 

plants with membrane bioreactors is rich in moulds and other 
dermatophyte. Most fungi recovered in the present 
investigation can be considered as potential pathogens and 
some of these fungi also produce mycotoxins such as 
Alternaria, Aspergillus, Chrysosporium Fusarium, 
Geotrichum, Paecilomyces, Scopulariopsis, Stachybotrys and 
Trichophyton. Therefore, all workers in the field of activated 
sludge process, wastewater treatment and farm operation 
should be careful to avoid mycotic infections and the 

productions must be adapted to control the spread of 
pathogenic fungi in the environment.  

REFERENCES   
[1] K. Ulfig, “Studies of keratinolytic and keratinophilic fungi in sewage 

sludge by means of a multi-temperature hair baiting method,” Polish 
Journal of Environmental Studies, vol. 12, no. 4, pp.461-466. 2003. 

[2] K. Ulfig, “Sludge liming decreases the growth of keratinolytic and 
Keratinophilic fungi,” Polish Journal of Environmental Studies, vol. 15, 
no. 2,  pp. 341-346. 2006. 

[3] M. Kacperzak, E. Neczaj, and E. Okoniewska, “The comparative 
mycological analysis of wastewater and sewage sludge from selected 
wastewater treatment plants, Desalination” vol. 185, no. 1-3,  pp. 363-
370. 2005. 

[4] I. Rosas, A. Baez, and M. Coutino, “Bacteriological Quality of Crops 
Irrigation with Wastewater in the Xochimilco plots, Mexico City, 
Mexico,” Applid and Environ Microbio. May, pp. 1074-1079. 1984. 

[5] A. H. S. Al-Zubeiry, “Microflora inhabiting raw sewage, secondary 
effluent and dewatered sludge in IBB, YEMEN REPUBLIC,” Assiut 
University Bulletin for Environmental Research, vol. 8, no. 1, pp. 1-16. 
2005. 

[6] F. Bux, and H. C. A. Kasan, “Microbiological survey of ten activated 
sludge plants,” Water SA, vol. 20, no. 1, pp.  61-72. 1994. 

[7] G.S. de Hoog, J.F. Guarro, and M. J. Gene, “Atlas of Clinical Fungi,” 
2nd ed. Centraalbureau voor Schimmelcultures, Utrecht, The 
Netherlands and Universitat Rovira i Virgili, Reus, Spain, ISBN: 978-
9070351434, pp. 1124. 2000 

[8]   K. H. Domsch, W. Gams, and T. Anderson, “Compendium of Soil 
Fungi,” Lubrecht & Cramer Ltd (London). ISBN: 978-3980308380, pp.  
600. 1980. 

[9] D. H. Larone, “Medically Important Fungi, A Guide to Identification,” 
3rd ed., ASM Press, Washington, D.C., ISBN: 978-1555810917. pp. 274. 
1995. 

[10] A. H. Moubasher, “Soil fungi of Qatar and other Arab Countries,” The 
Scientific and Applied Research Centre, University of Qatar, Doha, 
Qatar, pp 566. 1993. 

[11] J. I. Pitt, and A. D. Hocking, “Fungi and food spoilage,” Springer 
Dordrecht Heidelberg London New York. ISBN-978-0-387-92206-5. pp. 
501. 2009. 

[12] T. Watanabe, “Pictorial atlas of soil and seed fungi. Morphologies of 
cultured fungi and key to species,” .2nd, CRC, Press, Boca Raton, 
London, New York, Washington, D.C.  pp. 48. 2002. 

[13] A. I. I. Abdel-Hafez, and H. M. M. EL-Sharouny, “Seasonal fluctuations 
of fungi in Egyptian soil receiving city sewage effluents,” Cryptogamie 
Mycology, vol. 8, no. 3, pp. 235-249. 1987. 

[14] A. I. I. Abdel-Hafez, and H. M. M. EL-Sharouny, “The occurrence of 
keratoinophilic fungi in sewage sludge from Egypt,” Journal of Basic 
Microbiology, vol. 30, no. 2, pp. 73–79. 1990. 

[15] S. Ali-Shtayeh, “Keratinophilic fungi isolated from children’s sandpits in 
the Nablus   area, West Bank of Jordan,” Mycopathologia, vol. 103, pp. 
141- 146. 1988. 

[16] M. T. Hedayati, and M. Mirzakhani, “Survey of keratinophilic fungi in 
sewage sludge from wastewater treatment plants of Mazandaran, Islamic 
Republic of Iran,” Eastern Mediterranean Health Journal, vol. 15, no. 2, 
pp. 451-454. 2009 

[17] K. Ulfig, and M.  Korcz, “Keratinophilic fungi in sewage sludge applied 
to devastate urban soil, A preliminary experiment,” International journal 
of environmental health research, vol.  4, pp. 244-253. 1994. 

[18] K. Ulfig, M. Terakowski, G. Plaza, and O. Kosarewicz, “Keratinolytic 
fungi in sewage sludge,” Mycopathologia, vol. 136, pp.41-46. 1996. 

[19] M. D. Richardson, and B. Elewski, Fast Facts Superficial Fungal 
Infections,” Health Press, Oxford. 2000 

[20] I. Rosas, A. Baez, M. Coutino, “Bacteriological Quality of Crops 
Irrigation with Wastewater in the Xochimilco plots, Mexico City, 
Mexico,” Applid and Environ Microbio, May, pp. 1074-1079. 1984. 

[21] P. A. Thomas, “Current perspectives on ophthalmic mycoses,” Clinical 
Microbiology Reviews, vol. 16, no. 4, pp. 730–797. 2003. 

[22] P. Onsberg, “Human infections with Microsporum gypseum in 
Denmark,” British Journal of Dermatology, vol.  99, no. 5, pp. 527-530. 
1978. 

World Academy of Science, Engineering and Technology
International Journal of Environmental and Ecological Engineering

 Vol:5, No:6, 2011 

352International Scholarly and Scientific Research & Innovation 5(6) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
nv

ir
on

m
en

ta
l a

nd
 E

co
lo

gi
ca

l E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
6,

 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
37

0.
pd

f




