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ABSTRACT: Investigations were carried out to determine the composition of fungal flora in 

the studied sites. Samples of the raw effluent were collected along the flow channel and the 

retention pond. Water samples were also collected at the discharge point and up and down 

stream of the river from the discharge point. The samples were spinned at a speed of 250rpm for 

10minutes and spread inoculated the deposits on potato carrot agar (PCA) and potato agar 

supplemented with 7.5% Nacl. Inoculated plates were incubated aerobically at room 

temperature in dark cupboard for 7days. Fungal colonies that emerged on the primary culture 

plates were distinguished into types. The pure isolates were characterized into genera using 

standard taxonomic guides. Genera such as Aspergillus, Penicillium, Curvularia, Fusarium, 

Microsporum, Trichoderma, Rhizoctonia, Nigrospora and Chaetophoma species were detected 

in the raw effluent. However, Microsporum, Trichoderma, Rhizoctonia, Nigrospora and 

Chaetophoma species were conspicuously absent in the effluent retention pond. Only 

Trichoderma and Chaetophoma species were absent in water samples collected at the treated 

effluent discharge point into the recipient River. Samples of water collected up stream of the 

discharge point did not contain Geotrichum, Nigrospora and Chaetophoma species. Curvularia, 

Microsporum, Rhizoctonia and Nigrospora species were not detected in water samples collected 

downstream of the discharge point. It was therefore concluded that, fungi constitute a significant 

proportion of the microflora of sites contaminated with the refinery effluent and could be 

playing an important role in the remediation of sites receiving the effluent. © JASEM 

 
http://dx.doi.org/10.4314/jasem.v18i4.5 

 
 

Introduction 
Effluents that emanate from petroleum refineries and 

other petrochemical industries are characterized by 

high levels of greases, oil and polycyclic aromatic 

hydrocarbons (PAHs) (Zhu et al., 2001; Bako et al., 

2002; Vanhamme et al., 2003). Other components of 

such effluents have been reported to include phenols, 

metal derivatives, surface active substances, sulfides 

and naphthylenic acids (Sulemanov, 1995; Zhu et al., 

2001) in addition to toxic heavy metals (Ayenimo et 

al., 2005; Beddri and Ismail, 2007). In addition to the 

direct toxicity of chemical components of the 

effluents, the temperature, pH and osmotic conditions 

prevalent within the effluents pose additional 

challenge to survival of most life forms (Ayenimo et 

al., 2005).  

 

Against the background of these reports, it is 

conceivable that, terrestrial and aquatic sites that 

serve as recipients of raw and partially treated 

refinery effluents could be contaminated. Reports of 

heavy metal contamination of soils (Kinle et al., 

1987; Amar et al., 1993) and surface and 

underground water bodies (Ayenimo et al., 2007; 

Adewuyi and Olowu, 2012) lend strong support to 

this assertion.  

 

Regardless of the inhospitable conditions that prevail 

within the body of the effluent as well as the effluent 

contaminated sites, both prokaryotic and eukaryotic 

microorganisms have been reported with the capacity 

to survive and grow therein (Edward and White, 

1997; Martins et al., 2010). Among the eukaryotes, 

fungi are considered the most ubiquitous owing to 

their capacity to grow using a wide range of 

hydrocarbons (Kari et al., 2003) in the presence of 

high levels of toxic heavy metal ions (Ulfig et 

al.,2003; Ayenimo et al., 2005; Shankar et al., 2007; 

Bako et al., 2008). These reports strongly suggest 

that, fungi constitute a significant proportion of the 

total microbial flora of the refinery effluent and 

effluent contaminated sites.  

This paper is a report of an investigation aimed at 

verifying the occurrence and generic composition of 

the mycoflora in the raw effluent, effluent retention 

pond of Kaduna refinery and petrochemical company 

http://dx.doi.org/10.4314/jasem.v18i4.5
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(KRPC) and Romi River that received the partially 

treated effluent.  

 

MATERIALS AND METHODS  
Study Area: Kaduna refinery and petrochemical 

company (KRPC) and Romi River both located in 

Chikun local government area of Kaduna state 

Nigeria was used for this study. The refinery 

occupies an area of 2.9 square kilometers and is 

located on an undulating land about 700meters above 

sea level. This elevation is equivalent to about 

17meters higher relative to Romi River. Romi River 

is one of the tributaries of River Kaduna that receives 

effluent from the petrochemical and refinery waste 

treatment facilities via a tributary called the railway 

bridge stream which flows over a distance of about 

1km to Romi River. The river runs through Romi 

village with human settlements, agriculture, 

industries and solid waste disposal sites. The river 

provides breeding ground aquatic animals. It is also a 

source of water for drinking and recreational uses for 

public that unfortunately serves as a repository for 

industrial and domestic wastes.  

 

Sample collection: Effluent from KRPC and water 

sample from Romi River were collected in sterile 

bottles from five sites namely; untreated waste water 

channel (site A), Waste oil retention pond (site B), 

Discharge point (site C), upstream of Romi River 

(site D) and downstream of Romi River (site E). The 

samples were collected in duplicate by lowering the 

bottles 30cm deep into the well mixed section of 

sampling points and allowed to overflow before 

withdrawing. All sample bottles containing the 100ml 

of the samples were properly labeled to indicate the 

sample code, collection point, date and sampling 

time. After collection, the bodies of the bottles were 

rinsed thoroughly with sterile distilled water before 

transporting them in ice box to the laboratory for 

determination of fungal flora. All samples were 

analyzed without delay in order to avoid microbial 

deterioration of the samples. 

 

Isolation of fungal Flora: The sample containers 

were set and allowed to stand at room temperature on 

a thoroughly disinfected laboratory work bench for 

30 minutes to concentrate the sample by 

sedimentation. The supernatants were decanted to 

about 50ml volume followed by rigorous shaking to 

resuspend the sediments.  

 

Ten (10) militers of each sample were placed in 

duplicate sterile centrifuge tubes and spinned at 250 

rpm for 10 minutes to further concentrate the fungal 

propagules present in the samples. The supernatants 

were decanted to about 2mls volume and vigorously 

shaken to resuspend the sediments in the 2ml volume. 

About 0.1ml aliquot of the suspensions were spread 

inoculated on duplicate plates of freshly prepared 

potato carrot agar (PCA) and potato dextrose agar 

with 7.5% Nacl supplemented with 50µg/l of 

chloramphenicol to suppress bacterial growth using 

sterile bent glass rod.  

 

All inoculated plates were incubated aerobically at 

room temperature (30
o
C) in disinfected dark 

cupboard for 7days. The primary culture plates were 

then examined for evidence of fungal colonies. 

Fungal colonies observed were distinguished into 

types based on their cultural characteristics. These 

included the colour of the surface and reverse sides 

and texture of the colonies. The distinct types were 

isolated into slants of potato carrot agar to obtain 

pure isolates. 

 

Identification of fungal isolates: All the fungal 

isolates obtained from the various samples analyzed 

were identified based on their micromorphological 

characteristics. Criteria such as presence or absence 

of septation, presence of foot cell at the base of 

conidiophores, chlamydospores, and structures of 

asexual fruiting bodies, production of micro and / or 

macroconidia were used to identify the isolates to 

generic levels with reference to appropriate 

taxonomic guides (Klich, 2002; Nagamani et al., 

2006; Hakeem and Bhatnagar, 2010; Thippaswamy et 

al.,2012).  

 

RESULTS:  

The results obtained from this study clearly reveal 

that fungi do survive and grow in both the untreated 

and partially treated refinery effluents as well as in 

water from the river that serves as the recipient of the 

partially treated effluent (Table 1). This observation 

agrees with earlier reports by Edward (1997) and 

Ulfig et al. (2003).  

 

It was observed that of the ten genera detected in the 

five study sites, 9 were isolated from the untreated 

effluent samples, 5 in samples from the waste oil 

retention pond, 8 in water samples collected at the 

point of waste discharge into the river and 7 each in 

water samples collected from upstream and 

downstream of the discharge point (Table 1). 

However, there were variations in the composition of 

the fungal flora with sites. For instance all but 

Geotrichum sp. were detected in samples of untreated 

effluent while Rhizoctonia sp., Microsporum sp., 

Trichoderma sp., and Chaetophoma sp. were 

conspicuously absent in samples collected from the 

waste oil retention pond. Similarly, Trichoderma sp. 

and Chaetophoma sp. were not detected in water 



Composition of Fungal Flora in Raw Refinery Effluent   594 
 

*
1
MACHIDO, DA;, YAKUBU, SE;*EZEONUEGBU, BA 

 

samples obtained from the effluent discharge point. 

Also, Geotrichum sp., Nigrospora sp. and 

Chaetophoma sp. were not part of the fungal flora 

upstream of the discharge point. In the downstream 

samples, Microsporum sp., Curvularia sp. and 

Nigrospora sp. were not detected (Table 1).  

 

It was also noted that, only Aspergillus sp., 

Penicillium sp., and Fusarium sp. were cosmopolitan 

to the studied sites while Nigrospora sp. and 

Chaetophoma sp. were the least detected genera. 

Furthermore, the Aspergilli appeared to constitute the 

dominant genus making up the fungal flora of the 

study sites followed by Penicillium sp., Fusarium sp 

and Curvularia sp. in that order (Table 1). Data 

obtained on the distribution of Aspergillus sp. 

revealed that, only Aspergillus flavus and Aspergillus 

niger form part of the fungal flora of the five sites 

studied. Aspergillus fumigatus and Aspergillus 

carbonarius were completely absent in the samples 

from the waste oil retention pond, while only 

Aspergillus fumigatus was not detected in water 

samples collected from upstream of the discharge 

point (Table 2). 

 

 

Table 1: Percentage Occurrence and Relative Abundance of Fungal Genera in Samples of Refinery Effluents 

and Water from Romi River 
Genera of fungi isolated            No. of Isolates from Sites Sampled 

A (%) B (%) C (%) D (%) E (%)          Total (%) 

Aspergillus sp. 16(12.31) 7(5.38) 11(8.46) 8(6.15) 13(10)          55(42.31) 

Penicillium sp. 7(5.38) 3(2.31) 2(1.54) 1(0.77) 4(3.08)         17(13.08) 

Curvularia sp. 2(1.54) 7(5.38) 5(3.85) 2(1.54) -                     16(12.31) 

Fusarium sp. 3(2.31) 5(3.85) 2(1.54) 2(1.54) 1 (0.77)         13(10) 

Microsporum sp. 2(1.54) - 4(3.08) 1(0.77) -                    7(5.38) 

Trichoderma sp. 2(1.54) - - 2(1.54) 2(1.54)            6(4.62) 

Geotrichum sp. - 2(1.54) 3(2.31) - 1(0.77)            6(4.62) 

Rhizoctonia sp. 1(0.77) - 2(1.54) 2(1.54) -                      4(3.08) 

Nigrospora sp. 3(2.31) - 1(0.77) - -                       4(3.08) 

Chaetophoma sp. 1(0.77) - - - 1(0.77)             2(1.54) 

Total 37(28.46) 23(17.69) 30(23.08) 18(13.85) 22(16.92)         130(100) 

A=Waste water channel, B=Waste oil retention pond, C=Discharge point into Romi River, D=Upstream of 

Romi River (from discharge point), E=Downstream of Romi River (from discharge point), %=Percentage. 

 

Table 2: Occurrence of Aspergillus species in Samples of Raw Effluent, Waste Oil retention pond and Water 

from Romi River. 

Sampled Sites                                     No. of Isolates of (per 0.1ml of sample) 

Aspergillu 

sflavus 

Aspergillus niger  Aspergillus 

fumigatus 

Aspergillus 

 carbonarius 

Untreated waste water channel 4 (++) 7 (++++) 2 (+) 2 (+) 

Waste oil retention pond 2  (+) 3 (++) - - 

Discharge point into Romi River 3  (++) 1 (+) 1 (+) 3 (++) 

Upstream of discharge point 3 (++) 2 (+) - 1 (+) 

Downstream of discharge point 4 (++) 3 (++) 2 (+) 2 (+) 

(++++)=High, (++) =Moderate, (+) =Low, (-) =No growth 

 

DISCUSSIONS:  
As revealed by the findings made in this study, a 

good number of fungal genera have the capacity to 

exploit (grow in) the raw or partially treated refinery 

effluent and in the river that serve as recipient of 

both. This tends to suggest that such fungal genera 

have the capacity to withstand the harsh environment 

both within the refinery effluent and the water 

contaminated with the effluent (Edward and White, 

1999; Ulfig et al., 2003). In such environments, 

growth of fungi strongly suggests that, the genera 

present are capable of growth on hydrocarbons (Atlas 

and bartha, 1992; Cerniglia et al., 1992; Ulfig et al., 

2003). In addition, fungal flora of such environment 

needs to be able to withstand the direct toxicity of 

toxic heavy metal ions often present at high levels in 

the effluents and sites impacted by the effluents 

(Wuyep et al., 2007; Emoyan et al. 2006; Adewuyi 

and Olowu, 2012). The ability of the fungi to survive 

the toxic effects of polycyclic aromatic hydrocarbons 

(PAHs) (Kari et al., 2003) would be an added 

ecological advantage.  
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The ability of the fungi to secrete a wide range of 

extracellular enzymes into their growth environments 

have been advanced as an explanation of their 

capacity to grow on a wide range of carbon sources 

(Kari et al.,2003). On the other hand, resistance to 

high levels of toxic heavy metals has been attributed 

to the capacity of fungi to bioconvert (David and Jay, 

2009), bioabsorb (Shankar et al., 2007; Nilanjana et 

al.,2008; Ashok et al., 2010) or bioaccumulate 

(David and Jay, 2009; Martins et al.,2010) the metal 

ions.  

 

Conclusions: The composition of the fungal flora of 

refinery effluents and river impacted by the effluent 

is dominated by Aspergillus sp., Penicillium sp. and 

Fusarium sp. These are followed by Curvularia sp. 

The Aspergillus sp appears to be the dominant 

component of the fungal flora at all the studied sites.  

 

It therefore, seem likely that members of these four 

dominant genera could be playing the major role in 

the biodegradation of toxic carbon pollutants as well 

as bioconversion, biosorption and bioaccumulation of 

toxic heavy metals present in the refinery waste 

effluents. 

 

REFERENCES 
Adewuyi, G.O. and Olowu, R.A. (2012). Assessment 

of oil and grease, total petroleum hydrocarbons 

and some heavy metals in surface and 

groundwater within the vicinity of NNPC oil 

depot in apata, ibadan metropolis, Nigeria. 

International Journal of Review and Revised 

Applied Science, 13 (1): 166-174. 

 

Amar, M.C., Steve, P.M., Kenneth, E.G., Egbert, R. 

and Dieter, R.S. (1993). Enumeration of 

indigenous Rhizobium leguminosarum biovar 

Trifolii in soils previously treated with metal 

contaminated sewage sludge. Soil Biology and 

Biochemistry. 25(3): 301-309. 

 

Ashok, K., Balwant, S.B. and Vishnu, D.J. (2010). 

Biosorption of Heavy Metals by four acclimated 

microbial species, Bacillus spp., Pseudomonas 

spp., Staphylococcus spp. and Aspergillus niger. 

Journal of Biology and Environmental Science, 

4(12), 97-108. 

 

Atlas, R.M. and Bartha, R. (1992). Hydrocarbon 

biodegradation and oil spill bioremediation. In 

K.C. Marshall (ed.), Advances in Microbial 

Ecology, Vol. 12, Plenum Press, NY, pp287-338. 

Ayenimo, J. G., Adeeyinwo, C. E. and Amoo, I. A. 

(2005). Heavy metal pollutants in warri river, 

Nigeria. Kragujevac Jornal of Science, 27:43-50. 

Bako, S.P., Chukwunonso, D. and Adamu, A.K. 

(2002). Bio-remediation of refinery effluents by 

strains of Pseudomonas aerugenosa and 

Penicillium janthinellum. Applied Ecology and 

Environmental Research, 6(3): 49-60. 

 

Beddri, A.M., and Ismail, Z.B. (2007). Removal of 

Heavy Metals in Refinery Effluents using     

Water Hyacinth. JURUTERA, March 2007. pp. 

14-21. 

Cerniglia, C.E. (1992). Biodegradation of polycyclic 

aromatic hydrocarbons. Biodegradation, 3, 351-

368. 

 

David, L. and Jay, D.K. (2009). Developing 

Aspergillus as a host for heterologous 

expression. Biotechnology Advances, 27: 53–75. 

 

Edwards, R. and White, I. (1999). The Sea Empress 

oil spill: environmental impact and recovery 

Proceedings of 1999 International Oil Spill 

Conference. American Petroleum Institute, 

Washington DC. 

 

Emoyan, O.O., Ogban, F.E, and Akarah, E. (2006). 

Evaluation of Heavy Metals Loading of River 

Ijana in Ekpan – Warri, Nigeria. Journal Applied 

Science and Environmental Management 10 (2) 

121 – 127. 

 

Hakeem, A.S, and Bhatnagar,B.  (2010). Heavy metal 

reduction of pulp and paper mill effluent by 

indigenous microbes.Asian Jornal of 

Experimental Biological Science, 1:203. 

 

Kari, T.K, Annele, H., and Martin, H. (2003). 

Degradation of Benzopyrene by liter-

decomposing basiodiomycete Stropharia 

coronilla: Role of manganese peroxidase. 

Applied and Environmental Microbiology, 69(7): 

3957-3964. 

 

Kinle, B.K., Angle J.S and Keyser, H.H. (1987). 

Long term effects of metal rich sewage sludge 

application on soil populations of 

Bradyrhizobium japonicum. Applied and 

Environmental Microbiology, 53(2): 315-319. 

 

Martin, U., Zuzana, K., Jaroslav, S., Slavomír, C., 

Milan, K., Ján, M., Pavol, L., Marek, K. and 

Katarina, G. (2010). Biosorption and 

Bioaccumulation of Thallium (I) and Its Effect 

on Growth of Neosartorya fischeri Strain. Polish 

Journal of Environmental Studies, 19(2): 457-

460. 

 



Composition of Fungal Flora in Raw Refinery Effluent   596 
 

*
1
MACHIDO, DA;, YAKUBU, SE;*EZEONUEGBU, BA 

 

Nagamani A., Kunwar, I.K. and Manoharachary, 

C.A. (2006). Hand Book of Soil Fungi. New 

Delhi: I K international. 

Nilanjana, D., Vimla, R. and Karthika, K. (2008). 

Biosorption of Heavy Metal- An Overview. 

Indian Journal of Biotechnology, 7: 159-169. 

  

Shankar, C., Sridevi, D., Joonhong, P., Dexilin, M., 

Thamaraiselvi, K. (2007). Biosorption of 

chromium and nickel by heavy metal resistant 

fungal and bacterial isolates. Journal of 

Hazardous Materials, 146: 270-277. 

 

Suleimanov, R. A. (1995): Conditions of Waste Fluid 

Accumulation at Petrochemical and Processing 

Enterprises and Prevention of their Harm to 

Water Bodies. – Madistina Trudai. 

Promyshlennaia Ekologiia, 12: 31 – 36. 

 

Thipeswamy, B., Shivakumar, C.K. and Krishnapa, 

M. (2012). Bioaccumulation potentials of 

Aspergillusniger and Aspergillusflavus for heavy 

metal removal from paper mill effluent. Journal 

of Environmental Biology, 33:1063-1068. 

 

Ulfig, K., Płaza, G., Worsztynowicz, A., Mańko, T., 

Tienz, A.J. and Brigmon, R. L. (2003). 

Keratinolytic Fungi as Indicators of 

Hydrocarbon Contamination and Bioremediation 

Progress in a Petroleum Refinery. Polish Journal 

of Environmental Studies 12(2):  245-250. 

 

Van Hamme, J. D., Singh, A. and Ward, O. P. 

(2003): Recent Advances in Petroleum 

Microbiology. – Microbiology. Molecular 

Biology Review, 67 (4): 503-549. 

 

Wuyep, P. A., Chuma, A. G., Awodi, S. and Nok, A. 

J. (2007). Biosorption of Cr, Mn, Fe, Ni, Cu and 

Pb metals from petroleum refinery effluent by 

calcium alginate immobilized mycelia of 

Polyporus squamosus. Scientific Research and 

Essay, 2 (7): 217-22. 

 

Zhu, X., Venosa, A. D., Suidan, M.T. and Lee, K. 

(2001). Guidelines for the bioremediation of 

marine shorelines and fresh water wetlands. – In: 

Annual Report, pp. 1 – 126. U.S. Environmental 

Protection Agency Office of Research and 

Development National Risk Management 

Research Laboratory Land Remediation and 

Pollution Control Division. 26 W. Martin Luther 

King Drive, Cincinnati, OH 45268. 

 

 

 

 

 

 


