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ABSTRACT 
 
In this study, the trend of colonization of e-waste soil polluted fish aquaria by Rhodotorula sp was 
monitored. The aquaria containing the specie Oreochromis niloticus were polluted separately with 
different quantities of soil from e-waste dumpsite and the soil without e-waste. The soil sample from 
e-waste dumpsite differs from soil without e-waste in all of the parameters determined. Higher 
organic contents (17.60%), moisture content (3.86%), organic carbon (10.17%) and higher value of 
organic nitrogen (0.35%) were recorded. Four species of fungi were isolated from soil of e-waste 
dumpsite while two species of fungi were isolated from soil without e-waste. Rhodotorula presence 
in the aquaria was only observed in the first and second week of the research. The highest isolation 
was from the aquarium polluted with 75 g of soil without e-waste (34 isolates) at week one while the 
lowest was from the control aquarium (15 isolates) also at week one. It was also observed that 
plates and week where Rhodotorula sp population was high, the populations of other fungi were 
lower. Most of the other fungi isolated within the two weeks period of Rhodotorula colonization were 
inversely proportional to the population of Rhodotorula sp. The pH values and the biochemical 
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oxygen demand were significantly affected by the pollutant. The momentary colonization of the 
aquaria by Rhodotorula sp, posed health risk to both the living organisms in the aquaria and human 
having contact with the aquaria while the antagonistic effect on other fungi could lead to imbalance 
in the fungi community in the aquaria. 
 

 
Keywords: Polluted aquaria; e-waste; Rhodotorula sp; colonization; infection. 
 
ABBREVIATIONS  
 
A1 – polluted with 25 g of e-waste soil; A2 – polluted with 50 g of e-waste soil; A3 - polluted with 75 g 
of e-waste soil; B1 – polluted with 25 g of soil without e-waste; B2 – polluted with 50 g of soil without 
e-waste; B3 - polluted with 75 g of soil without e-waste; WK – week. 
 
1. INTRODUCTION 
 
Rhodotorula species are ubiquitous, saprophytic 
yeasts that can be recovered from many 
environmental sources. Rhodotorula, are 
common environmental yeast that are found in 
air, soil, lakes, ocean water, milk, fruit juice 
including sites with unfavourable conditions. 
Studies also, have reported the occurrence of 
Rhodotorula species in marine waters polluted by 
household waste [1]. Rhodotorula species are 
part of the Basidiomycota phylum that colonises 
plants, humans, and other mammals.  
Rhodotorula produces pink to red colonies and 
blastoconidia that are unicellular lacking 
pseudohyphae and hyphae. Rhodotorula 
mucilaginosa, Rhodotorula glutinis, and 
Rhodotorula minuta were known to cause 
disease in humans [1]. Rhodotorula spp have 
been recognized as emerging yeast pathogens in 
humans. Although the consumption of food 
contaminated with yeast may not have a direct 
role in causing opportunistic infections, there is 
growing concern that food may be an 
underestimated source of environmental 
pathogens [2]. In addition, environmental 
monitoring of yeasts in specific areas of two 
tertiary local hospitals, revealed the presence of 
Rhodotorula species in a substantial amount of 
air samples [3]. As a direct consequence of the 
wide exposure to Rhodotorula in the hospital 
environment, patients who have a depressed 
immune system can develop Rhodotorulosis, 
causing a variety of systemic infections.   
Rhodotorula spp have been isolated from stool 
samples, indicating that these yeasts can survive 
in the extreme conditions of the gastrointestinal 
tract, and it is still uncertain whether Rhodotorula 
is capable of passing from the gastrointestinal 
tract into the bloodstream [4]. There were reports 
of an outbreak of skin infections in chickens and 
a report in lung infection in sheep, both caused 
by Rhodotorula mucilaginosa [1]. Rhodotorula 

was reported as the causative agent of 
epididymitis, skin lesions in a sea lion and 
dermatitis in a cat that had crusted lesions and 
mastitis [5-7]. This fungus can also be found in 
pools where sea animals were kept in captivity 
[8]. Also Rhodotorula in humans previously 
considered non pathogenic, have emerged as 
opportunistic pathogens with the ability to 
colonises and infect susceptible patients.  
 
E-waste contains valuable metals (copper, 
platinum group) as well as potential 
environmental contaminants, especially lead, 
mercury, nickel, selenium, cadmium, 
polybrominateddiphenyl ethers (PBDEs) and 
polychlorinated biphenyls (PCBs). Most e-waste 
is disposed in landfills, effective reprocessing 
technology, which recovers the valuable 
materials with minimal environmental impact, is 
expensive. Some reprocessing initially results in 
extreme localized contamination followed by 
migration of the contaminants into receiving 
waters and food chains [9,10].  
 
Fishes, among aquatic species, are the 
inhabitants that cannot escape from the 
detrimental effects of pollution. This is because 
of their very intimate contact with water that 
carries the pollutants in solution or suspension 
[11]. Fish play an important role in the nutrition of 
man and therefore, there is need to monitor the 
water quality for fish culturing and the water from 
which fish is harvested in the natural 
environment. The location of e-waste dumpsite 
and the burning of the e-waste on this dumpsite 
which is not far from Lagos lagoon (Lagos State, 
Nigeria) can lead to the pollution of the 
environments (land and water), which can 
promote the growth of diverse fungi including 
Rhodotorula, which poses health risk to fishes, 
other aquatic animals and the human inhabitants 
relying on such water for either domestic or 
agricultural purposes. The results in this research 
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were geared towards raising public awareness 
on the danger of water pollution, in this case 
improper disposal of e-waste which has 
substances that can affect aquatic life and 
promote the proliferation of disease causing 
microbes such as Rhodotorula in aquatic 
environment.  
 
2. MATERIALS AND METHODS 
 
2.1 Collection of Soil Samples 
 
Two different soil samples (soil from e-waste 
dumpsite and soil without e-waste), were 
collected from e-waste dumpsite and distance 
away from the e-waste dumpsite both at Alaba 
International Market, Lagos State, Nigeria. The 
samples were collected in sterile containers and 
taken for physiochemical and microbiological 
analysis [12,13]. 
 
2.2 Set up and Pollution of Aquaria 
 
Seven aquaria in triplicates, each containing six 
juvenile tilapia fish, were polluted with three 
different quantities of the e-waste soil sample 
and soil without e-waste (25 g, 50 g and 75 g for 
both soil samples) in the ratio of 25 L: 25 g, 25 L: 
50 g, 25 L : 75 g of water to soil samples after 
acclimatization of the fishes for six weeks and 
the seventh aquarium is the control (aquaria 
without any pollution). The aquaria were 
monitored weekly for five weeks for 
physiochemical parameters; pH, dissolved 
oxygen, biochemical oxygen demand while the 
microbiological analyses were; isolation and 
identification of yeast in the polluted tilapia 
aquaria. 
 

2.3 Fungi Identification 
 
Visible observation and microscope at low power 
magnification were used to determine the 
parameters such as colony colour, 
characteristics of the submerged hyphae rhizoid, 
spiral or regular and characteristic shape of 
mature fruiting bodies were all observed. 
Microscopic examination of fungi involved 
transferring a small piece of mycelium free of 
medium using a sterile inoculating loop unto a 
clean glass slide containing a drop of cotton 
blue-in-lactophenol. The mycelium was then 
spread properly. The preparation was covered 
with a clean grease free cover slip and observed 
under medium power (x100). The observations 
made were used in identifying the fungi species 
[14]. 

2.4 Rhodoturula Identification 
 
The identification of Rhodoturula was based on 
morphological, cultural, physiological and 
biochemical characteristics [15]. 
 
2.5 Determination of Physicochemical 

Properties of the Soil Samples 
 
The pH was measured using pH meter 
standardized at pH 7.0 using appropriate buffers 
[16]. Biochemical oxygen demand was 
determined using the method described by [16]. 
The moisture content of each soil sample was 
determined by drying 10 g of the soil in an oven 
at 80°C until a constant weight was reached and 
the percentage moisture content was calculated. 
The organic carbon content was determined 
using the Walkey-Black wet oxidation method as 
described by [13]. Available phosphorus, 
exchangeable bases (magnesium, calcium, 
sodium and potassium ion) concentration were 
determined using standard methods [18]. Total 
nitrogen was measured using the kjeldahl, 
digestion method [19]. 
 
3. RESULTS 
 
Tables 1 and 2 show the physiochemical 
characteristics of the soil samples while Tables 3 
and 16 show the microbiological outcomes. 
 

4. DISCUSSION 
 
Articulospora inflata, Zoopage nitospora, 
Varicosporium elodeae, Penicillium italicum, 
Candida sp Aspergillus niger, Aspergillus flavus, 
Aspergillus repens, Rhizopus stolonifer and 
Mucor mucedo were the other fungi species 
isolated alongside Rhodoturula sp, from the soil 
samples and the polluted aquaria (Tables 3 - 4). 
The populations of these isolates on cultured 
plates were inversely proportional to the 
population of Rhodoturula sp on the same culture 
plates and in the same week (Tables 5 - 14). 
This could be as a result of antagonistic activities 
of Rhodoturula sp. Rhodotorula had been known 
for antagonistic activities against other fungi [20], 
[21]. This could be attributed to the production of 
antifungal substances or metabolites, which 
antagonized or suppressed the growth and 
proliferation of other fungi. They can therefore be 
used as biological control in the control of 
infections caused by these other fungi [22]. 
Rhodoturula sp was not isolated from the soil 
samples (Table 3) but was isolated from the 
aquaria therefore the aquaria were colonized by 
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Rhodoturula sp. This colonization, could be due 
to its ability to adapt to different environmental 
conditions and use wide range of food 
substances as nutrient and energy source 
(Tables 1 - 2) [23,4,1,24]. Some of the tilapia fish 
died (19% of the tilapia fish died) at the initial 
stage this also could have resulted in the 
Rhodoturula colonization of the aquaria. Since it 
is also a saprophytic fungi; it can utilized dead 
organic matter for its cellular division and energy 
source [1]. The colonization pattern was 
transitory, observable only in the first two weeks 
of the research (Table 5). Additional nitrogen 
would have been added to the aquaria resulting 
from the pollutant that had nitrogen content 
(Table 1) and also possibly from the fish 
metabolites. Although, Rhodoturula sp had been 
known to scavenge nitrogen, but at the end of 
the first two weeks when probably nitrogen in the 
aquaria would have been lower, Rhodotorula 
scavenging ability should have been observed if 

it were continuously isolated from the aquaria. 
Rhodotorula’s presence (colonization) in the 
aquaria was more for its saprophytic activities 
rather than the other reasons (such as nitrogen 
scavenging and biosoption activities), since it 
was absence in subsequent weeks when there 
were no more death of the fishes. [25] reported 
Rhodotorula has having ability to scavenge 
nitrogenous compounds from its environment 
remarkably well, growing even in air that has 
been carefully cleaned of any fixed nitrogen 
contaminants. In such conditions, the nitrogen 
content of the dry weight of Rhodotorula can 
drop as low as 1%, compared to around 14% for 
most bacteria growing in normal conditions. [26] 
documented the use of Rhodotorula 
mucilaginosa in the biosorption of heavy metals. 
This was in line with the earlier findings of [27], 
who documented that fungi of metal 
contaminated soil have high level of metal 
tolerance and biosorption properties. 

 
Table 1. Physicochemical properties of soil samples from e-waste dumpsite 

 
Soil samples pH Moisture 

content (%) 
Organic 
matter (%) 

Organic 
carbon (%) 

Organic 
nitrogen (%) 

A 7.90 3.86 17.60 10.17 0.35 
B 8.70 2.24 5.00 2.89 0.21 

Key: A- soil from e-waste dumpsite, B- soil without e-waste 
 

Table 2. Mineral content of soil samples from e-waste dumpsite 
 

Soil samples Sodium 
(mg/kg) 

Potassium 
(mg/kg) 

Calcium 
(mg/kg) 

Magnesium 
(mg/kg) 

Phosphorus 
(mg/kg) 

A 24.40 33.30 182.00 34.00 146.65 
B 31.40 32.90 245.00 29.70 160.00 

Key: A- soil from e-waste dumpsite, B- soil without e-waste 
 

 
 

Fig. 1. Mixed culture of fungi - Rhodotorula  spp growing with other fungi 



 
 
 
 

Sanusi et al.; BMRJ, 11(5): 1-9, 2016; Article no.BMRJ.20411 
 
 

 
5 
 

Table 3. Isolated fungi from the e-waste soil and the soil without e-waste 
 

Isolates  E-waste soil Soil without e-waste 
Candida sp  + + 
Zoopage nitospora  + - 
Articulospora inflata  + + 
Varicosporium elodeae  + - 

Key: + = present, - = absent 
 
Table 4. Probable fungal isolates from tilapia control aquaria and tilapia aquaria polluted with 

sample A and B 
 
Isolate  Control  Sample B  Sample A  
Penicillium italicum  +  +  +  
Articulospora inflata  +  +  +  
Aspergillus niger  +  +  +  
Rhizopus stolonifer  +  +  +  
Aspergillus flavus  +  +  +  
Mucor mucedo  +  +  +  
Zoopage nitospora  +  +  +  
Varicosporium elodeae  +  +  +  
Rhodoturula sp  -  +  +  
Aspergillus repens  -  +  +  

Key: Sample A – soil from e-waste dumpsite, sample B – soil without e-waste, + = present and - = absent 
 

 
 

Fig. 2. Rhodotorula spp growing on Potato dextrose agar plate 
 

Table 5. Occurrence of Rhodoturula sp in 
polluted tilapia fish aquaria 

 
Samples WK1 WK2 WK3 WK4 WK5 
Control 15 13 - - - 
A1 24 25 - - - 
A2 29 8 - - - 
A3 20 10 - - - 
B1 31 8 - - - 
B2 30 25 - - - 
B3 34 9 - - - 
Total  183 98 - - - 

Table 6. Occurrence of Penicillum italicum  in 
polluted tilapia fish aquaria 

 
Samples WK1 WK2 WK3 WK4 WK5 
Control - 2 4 5 1 
A1 - 1 5 - - 
A2 - - 1 8 - 
A3 - 1 7 1 - 
B1 - 1 3 - - 
B2 - 1 9 2 - 
B3 - - 15 - - 
Total  - 6 44 16 1 
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Table 7. Occurrence of Articulospora inflata  
in polluted tilapia fish aquaria 

 
Samples WK1 WK2 WK3 WK4 WK5 
Control 2 3 6 3 3 
A1 1 2 4 2 2 
A2 2 1 5 2 3 
A3 - 3 3 3 2 
B1 - 2 3 2 1 
B2 - 2 4 2 3 
B3 - 3 3 2 2 
Total  5 16 28 16 16 

 
Table 8. Occurrence of Aspergillus niger  in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - - - 1 - 
A1 1 1 - - 1 
A2 1 1 1 - - 
A3 5 1 1 - - 
B1 6 1 - - 1 
B2 9 - 1 - - 
B3 9 2 - - - 
Total  31 6 3 1 2 

 
Table 9. Occurrence of Rhizopus stolonifer in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - 1 - 1 - 
A1 5 2 1 - - 
A2 1 - 1 1 - 
A3 1 1 1 - - 
B1 2 - 5 - - 
B2 1 - - - - 
B3 1 1 - - - 
Total  11 5 8 2 - 

 
Table 10. Occurrence of Aspergillus repens in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - - - - - 
A1 - 1 - 1 - 
A2 - - - 1 5 
A3 - 4 - - - 
B1 - - - 1 2 
B2 - - - 3 - 
B3 - - - - 2 
Total  - 5 - 6 9 

 
Colonization of the aquaria by Rhodotorula can 
leads to Rhodotorula infections in aquatic 
animals. There have been reports of skin 
infections in both terrestrial and aquatic animals 
(chickens, sea animals). It can also cause lung 

infections and otitis in sheep and cattle [23,1]. 
Human interaction with such Rhodotorula 
colonized environment can lead to any of the 
Rhodotorula caused infections or fungemia 
especially in susceptible individuals. 

 
Table 11. Occurrence of Aspergillus flavus  in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - 1 3 1 9 
A1 - - 5 - 2 
A2 - - 2 8 2 
A3 - 2 7 1 1 
B1 - - 4 4 2 
B2 - - 4 6 2 
B3 - - 6 - 2 
Total  - 3 31 20 20 

 
Table 12. Occurrence of Mucor mucedo  in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - 3 - - - 
A1 - - - - 1 
A2 - - - - - 
A3 - - - - - 
B1 - - 3 - - 
B2 - - - - - 
B3 - 1 - - 1 
Total  - 4 3 - 2 

 
Table 13. Occurrence of Zoopage nitospora  in 

polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - - - 1 1 
A1 - - - - 2 
A2 - - - - 4 
A3 - - - - 1 
B1 - - - 1 - 
B2 - - - 1 4 
B3 - - - - - 
Total  - - - 3 12 

 
The colonization of the aquaria by some of the 
other fungi (such as Aspergillus spp, Mucor 
mucedo, Penicillum italicum, Rhizopus 
stolonifer), might not be of wholesome benefit to 
the fishes and human. Some are known to 
produce inhibitory substances such as toxin or 
toxic metabolites (aflatoxins, cyclopiazonic acid, 
ochratoxins, kojic acid), which might affect or 
inhibited the growth of the other microorganisms 
in the aquaria, leading to microbial imbalance in 
the aquaria. These inhibitory substances might 
as well affect the fish and human as they come in 
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Table 14. Occurrence of Varicosporium elodeae  in polluted tilapia fish aquaria 
 

Samples WK1 WK2 WK3 WK4 WK5 
Control - - 3 - 1 
A1 - - 2 - - 
A2 - - 2 - 2 
A3 - - 2 - 2 
B1 - - 2 - 2 
B2 - - 2 - 1 
B3 - - - - - 
Total  - - 13 - 8 

 
Table 15. Weekly pH of tilapia aquaria 

 
Samples WK1 WK2 WK3 WK4 WK5 
Control 6.60a±0.00 7.15ab±0.05 6.80a±0.05 7.20ab±0.05 7.40bc±0.10 
A1 6.70ab±0.00 7.25bc±0.05 7.00b±0.00 7.00a±0.00 7.70d±0.10 
A2 7.05c±0.00 7.00a±0.10 7.00b±0.00 7.20ab±0.05 7.30abc±0.05 
A3 6.80b±0.10 7.40bc±0.10 7.00b±0.00 7.30b±0.10 7.15ab±0.05 
B1 7.00c±0.00 7.40bc±0.00 7.20c±0.10 7.20ab±0.10 7.11a±0.11 
B2 6.70ab±0.00 7.40bc±0.10 7.05cb±0.05 7.30b±0.00 7.48cd±0.08 
B3 6.70ab±0.00 7.50c±0.00 7.10bc±0.00 7.30b±0.00 7.55cd±0.05 

Values are presented as Mean ±S.E (n=3). Means with the same superscript letter(s) along the same column are 
not significantly different (P>0.05). Means in the same column are the comparison between the different groups 

 
Table 16. Weekly biochemical oxygen demand of tilapia aquaria (mg/l) 

 
Samples WK1 WK2 WK3 WK4 WK5 
Control 0.83a±0.12 3.63b±0.08 3.05b±0.05 3.13a±0.11 3.50a±0.20 
A1 2.30b±0.04 3.72b±0.07 3.47c±0.02 3.82b±0.04 3.78ab±0.13 
A2 0.85a±0.04 5.80d±0.12 4.16e±0.06 4.78e±0.13 4.79d±0.10 
A3 0.82a±0.02 1.67a±0.16 2.58a±0.16 3.16a±0.12 4.21bc±0.20 
B1 3.76d±0.20 3.58b±0.03 3.88d±0.05 4.30cd±0.24 4.36cd±0.13 
B2 4.42e±0.05 1.70a±0.18 3.53c±0.08 3.92bc±0.06 3.71a±0.07 
B3 3.42c±0.06 4.57c±0.20 4.28e±0.05 4.65de±0.03 4.66cd±0.05 

Values are presented as Mean ±S.E (n=3). Means with the same superscript letter(s) along the same column are 
not significantly different (P>0.05). Means in the same column are the comparison between the different groups 

 
contact with them. Fungi had been known to 
produce toxins (mycotoxin) which are harmful to 
man. Some of the resultant harmful effects in 
human are; vomiting, coma, convulsions, 
malaise, abdominal discomfort, liver cell necrosis 
even death [28,24]. Ochratoxin-A was reported to 
cause major abnormalities in eggs of zebra fish 
leading to high mortality in hatchlings. 
Immunological changes, cancerous tumours, 
reduced feed consumption, pale gills, kidney 
abnormalities, gastric gland damage, anaemia 
(low red blood cell counts), poor growth and feed 
efficiency were other effects of mycotoxin in 
fishes [29,30]. 
 
The pH values (Table 15), in all the aquaria 
tended towards neutrality with no particular trend. 
The fluctuations in pH values could have been 

due to the different fermentative activities of the 
microorganisms present [31]. 
 
The significant differences observed in the BOD 
(Table 16) could be due to the differences in the 
quantity of organic matter present (from the soil 
samples) in the aquaria alongside differences in 
microbial activities going on in these aquaria. 
 
5. CONCLUSION 
 
In conclusion, Rhodotorula yeasts observed in 
this research had an evanescent colonization of 
the aquaria and also buttress its ubiquitous 
nature. This posed antagonistic effect on the 
fungal biota in the aquaria and posed health risk 
to both the fish and human interacting with the 
aquaria. Hence a need to monitor fungal biota of 
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aquatic environment especially where fish are 
cultured or where fishing activities are taking 
place to prevent imbalance fungi community in 
the aquatic environment and fungemia or 
Rhodotorula caused infections. Considering the 
fact that Rhodotorula are ubiquitous, saprophytic 
and opportunistic pathogenic fungus, its isolation 
in this research calls for caution in disposing e-
waste and waste generally that encourage 
unhealthy fungi colonization of an aquatic 
environment. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Wirth F, Goldani LZ. Epidemiology 

of Rhodotorula: An emerging pathogen. 
Interdisciplinary Perspectives on Infectious 
Diseases. 2012;2012:Article ID 465717:7. 
Available:http://dx.doi.org/10.1155/2012/46
5717 

4. Fleet GH. Yeasts in fruit and fruit products, 
in Yeasts in Food: Beneficial and 
Detrimental Aspects, T. Boekhoutand V. 
Robert, Eds. Behr, Hamburg, Germany. 
2003;267. 

5. Cordeiro RA, Brilhante RSN, Pantoja LDM. 
et al. Isolation of pathogenic yeasts in the 
air from hospital environments in the city of 
Fortaleza, Northeast Brazil. Brazilian 
Journal of Infectious Diseases. 2010; 
14(1):30–34. 

6. Silva JO, Franceschini SA, Lavrador MAS, 
Candido RC. Performance of selective and 
differential media in the primary isolation of 
yeasts from different biological samples. 
Mycopathologia. 2004;157(1):29–36. 

7. Costa EO, Gandra CR, Pires MF, Coutinho 
SD, Castilho W, Teixeira CM. Survey of 
bovine mycotic mastitis in dairy herds in 
the State of Sao Paulo, Brazil. 
Mycopathologia. 1993;124(1):13–17. 

8. Kadota K, Uchida K, Nagatomo, T. et al. 
Granulomatous epididymitis related to 
Rhodotorula glutinis infection in a dog. 
Veterinary Pathology. 1995;32(6):716–718. 

9. Alvarez-Perez S, Mateos A, Dominguez L, 
MartinezNevado E, Blanco JL, Garcia ME. 
Isolation of Rhodotorula mucilaginosa from 
skin lesions in a Southern sea lion (Otaria 
flavescens): A case report. Veterinarni 
Medicina. 2010;55(6):297–301. 

10. Buck JD. Occurrence of human-associated 
yeasts in the feces and pool waters of 
captive bottle nosed dolphins (Tursiops 
truncatus). Journal of Wildlife Diseases. 
1980;16(1):141–149.  

11. Yuan C, Zhang HC, McKenna G, 
Korzeniewski C, Li J. Experimental studies 
on cryogenic recycling of printed Circuit 
Board. International Journal of Advanced 
Manufacturing Technology. 2007;34:657–
666 

12. Gaidajis G, Angelakoglou K, Aktsoglou, D. 
E-waste: Environmental problems and 
current management. Journal of 
Engineering Science and Technology. 
2010;3(1):193-199.  

13. Muiruri JM, Nyambaka HN, Nawiri MP. 
Heavy metals in water and tilapia fish from 
Athi-Galana-Sabaki tributaries, Kenya. 
International Food Research Journal. 
2013;20(2):891-896. 

14. Voroney RP. The soil habitat in soil 
microbiology. Ecology and Biochemistry. 
2006;38:720–728.   

15. Ibitoye AA. Laboratory Manual on Basic 
Soil Analysis. 2nd edition. Foladave 
Publishing Company, Akure, Ondo State, 
Nigeria. 2008;82. 

16. Onions AHS, Allsopp D, Eggins HOW.  
Smiths Introduction to Industrial Mycology. 
Edward Arnold, London. 1981; 
398.34:1109-1113. 

17. Tian S, Qin G, Xu Y, Wang Y. Application 
of antagonistic yeasts under field 
conditions and their biocontrol ability 
against postharvest diseases of sweet 
cherry. Acta Botanica Sinica. 2004;46(11): 
1324-1330. 

18. Hendershot WH, Lalande H, Duquette M. 
Soil reaction and exchangeable acidity. In: 
Soil sampling and methods of analysis 
(Carter M. R., ed.). Boca Raton, FL, USA: 
Lewis Publisher. 1993;141–165.  

19. American Public Health Association 
(APHA). Standard Methods for  the  
Examination  of  Water  and  Wastewater  
Analysis,  (21st  442 ed.).  American Water 
Works Association/Water Environment 
Federation, Washington D.C. 2005;289. 

20. AOAC. Official Method of Analysis (19th 
Ed) Association of Analytical Chemists. 
19thEdn. Washington DC. 2012;121–130. 

21. Heads KH. Soil classification and 
composition test in manual and soil 
laboratory testing. Madison W. I. 2nd 
edition. 1992;59-78. 



 
 
 
 

Sanusi et al.; BMRJ, 11(5): 1-9, 2016; Article no.BMRJ.20411 
 
 

 
9 
 

22. Gholamnejad J, Etebarian HR, Sahebani 
N. Biological control of apple blue mold 
with Candida membranifaciens and 
Rhodotorula mucilaginosa. African Journal 
of Food Science. 2010;4(1):001-007.  
ISSN 1996-0794. 

23. Swapan KG, Tumpa S, Amit C. Study of 
antagonistic yeasts isolated from some 
natural sources of West Bengal, 
Agriculture and Biology Journal of North 
America. 2013;4(1):33-40.  
ISSN Print: 2151-7517  
ISSN Online: 2151-7525 
DOI:10.5251/abjna 

24. El-Tarabily KA. Suppression of Rhizoctonia 
solani diseases of sugar beet by 
antagonistic and plant growth-promoting 
yeasts. Journal of Applied Microbiology. 
2004;96;69–75.  

25. Aimee KZ, Molly B, Wiley S, Barbara AL, 
Jackie LM, John RP. Risk of fungemia due 
to rhodotorula and antifungal susceptibility 
testing of rhodotorula isolates. Journal of 
Clinical Microbiology. 2003;41(11):5233–
5235 

26. Krijgsheld P, Bleichrodt R, Van Veluw GJ, 
Wang F, Muller WH, Dijksterhuis J, 
Wosten HAB. Development in Aspergillus. 
Studies in Mycology. 2013;74:1–29. 

27. Postgate J. The outer reaches of life. 
Cambridge University Press. 1994;132-
134. 

28. Salvadori MR, Ando RA, Oller do 
Nascimento CA, Corrêa B. Intracellular 
biosynthesis and removal of copper 
nanoparticles by dead biomass of yeast 
isolated from the wastewater of a mine in 
the Brazilian Amazonia; 2014. 
DOI: 10.1371/journal.pone.0087968. 

29. Iqbal A, Mohd IA, Farrukh A. Biosorption of 
Ni, Cr and Cd by metal tolerant Aspergillus 
niger and Penicillium sp. using single and 
multi-metal solution. Indian Journal of 
Experimental Biology. 2006;44:73-76. 

30. Varga J, Frisvad JC, Samson RA. Two 
new aflatoxin producing species and an 
overview of Aspergillus section Flavi. 
Studies in Mycology. 2011;69:57–80 

31. Abdelhamid AM, Khalil FFM, El-Barbary 
MI, Zaky VH, Husien HS. Feeding Nile 
Tilapia on Biogen to Detoxify Aflatoxic 
Diets. Proc. 1st Ann Sc. Conf. Anim. and 
Fish Prod Mansoura, Fac. Agric 24 and 25 
Sep. 2002;207-230. 

32. van Hooft P, Prins HHT, Getz WM. et al. 
BMC Evol. Biol. 2010;10:106 

33. Arutupin DJ, Fabunmi TB, Ogunmolu FE. 
Microorganisms, proximate and anti-
nutrient content of fermenting kolanut 
(Cola nitida vent schott and endel) white 
shell. FUTA Journal of Research in 
Sciences. 2012;1(1):75–82.   

_________________________________________________________________________________ 
© 2016 Sanusi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/12362 


