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Abstract 

Four microorganisms, two fungi and two bacteria and two plants were used independently and combined to bio-

remediate zinc, cadmium, and lead in sewage water and sewage sludge for a period of 360 hrs and sampled per 72 hrs to 

determine the best option to bioremediation. The pH and temperature was monitored to determine possible changes as the 

organisms took up the metals. Results of the experiment show that the combination of fungi and bacteria performed best for 

the sewage water with efficiencies of 94%, 82%, and 98% for cadmium, lead and zinc respectively. For the sewage sludge, 

the combinations of fungi and plant, and bacteria with 99% each performed best in the adsorption cadmium whereas for zinc, 

fungi with 98% performed the least. All other samples had efficiencies of 99% each. For lead, fungi and bacteria with 96% 

and 97% performed the least. Differences observed between the means of the six samples in each case were subjected to a 

full statistical ANOVA test insignificant and found insignificant but for Zinc uptake in sewage sludge. While the pH 

increased as biosorption decreased for all cases, the temperature was seen to barely change. It is concluded that within the 

range of contamination, any of the independent organisms or a combination of any two can be effectively used in 

bioremediation of heavy metals. However, based on other considerations such as lower cost, ease of maintenance, secondary 

waste generation, little time involved, and growth rate, use of microorganisms (especially bacteria) is better but on very high 

heavy metal quantities, use of plants may be considered. 
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Introduction 

The increasing exploitation, production and 

consumption of the earth’s raw materials (fossil fuel and 

minerals), coupled with the exponential growth of the 

world’s population over the past 200 years have resulted in 

environmental build-up of waste products of which heavy 

materials are of particular concern (Appel and Ma, 2002). 

Human and technological evolution has indeed led to 

immense scientific and technological progress. This global 

development as good as it may be, however, raises new 

challenges, especially in the field of environmental 

protection and conservation (Bennett et al., 2003). The 

demand for most countries economic, agricultural and 

industrial development outweighs the demand for a safe, 

pure, and natural environment. Ironically, it is the same 

economic, agricultural and industrial developments that are 

often linked to polluting the environment (Ikhuoria and 

Okieimen, 2000). Pollutants are both in organic and 

inorganic forms. While the organic contaminants include 

detergents, food waste, hydrocarbons, etc, inorganic 
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contaminants include chemical waste, silt and heavy metals 

(which are of primary interest in this study). Some of these 

heavy metals include Mercury (Hg), Lead (Pb), Cadmium 

(Cd), Chromium (Cr) which are regarded as toxic, Zinc 

(Zn), Nickel (Ni) and Copper (Cu) which are not 

necessarily toxic but their increasing levels in the 

environment are of serious concern (Moore, 1990). There 

are several approaches to bioremediation; Bacterial 

bioremediation (use of bacteria), Mycoremediation (use of 

fungi), Phytoremediation (use of plants) and more recently, 

Rhizoremediation (use of a combination of any 

aforementioned two). These methods have been widely 

used to remediate polluted water bodies, and soils 

effectively (Adrian et al., 2006; Om Kalthoum, 2007; 

Muhammed et al., 2010; Emre Eden et al., 2011). It is 

therefore a major objective of this work to 

 Compare the bioremediative abilities of six different 

organisms (Bacillus thuringiensis and Bacillus cerues, 

both bacteria; Aspergillus niger and aspergillus 

fumigatus, both fungi; Echhornia crassipes and 

bryophyllum pinnatus, both plants) using sewage 

water and sewage sludge medium.  

 Monitor the pH and temperature for possible changes.  

 Test for significance difference between the means of 

the different medium set-ups statistically, using 

ANOVA. 

Site description 

The sewage water and sludge used was collected 

from the first aerobic pond (at latitude 6o 52’ 25.93” and 

longitude 7o 24’ 13.57”, Elevation of 1283 ft above sea 

level) of the University of Nigeria Nsukka central sewage 

unit using a ten litre rubber can. The unit is a central point 

where all other small sewage units in the university 

community empty. Waste water from laboratories, 

residential homes, hostels, and sewage from offices, banks, 

and hostels are conveyed in a pipe and empties into the unit 

which has both anaerobic and aerobic degradation points. 

The organisms used were isolated from the soil.  

Isolation and culturing of the bacteria 

1 g of soil was dissolved in 10 ml of distilled water 

and allowed to stand for 10 min. 1 ml of the supernatant 

was serially diluted using 10 fold dilution after which 0.1 

ml was plated on bacillus selective media using pour plate 

technique. Isolates turning the selective media yellow 

showed a positive result for B.thuringiensis and B.cereus. 

After characterization on selective media, the isolates were 

subjected to further confirmative biochemical test for 

proper identification of B.thuringiensis and B.cereus. They 

were each inoculated into a nutrient broth media prepared 

by mixing 6.25 g of nutrient broth in 250 ml of distilled 

water which was sterilized in the autoclave at 121oC for 15 

min and allowed to cool before inoculating. The cultures 

were allowed to grow at 37oC for 5 days to ensure adequate 

growth of the bacteria. 

Isolation and culturing of the fungus 

The organism was also isolated from the soil. 1 g of 

soil was dissolved in 10 ml of distilled water and allowed 

to stand for 10 min. 1 ml of the supernatant was serially 

diluted using 10 fold dilution after which 1 ml was put in a 

petri dish. 3.9 g of Potato Dextrose Agar was mixed in 100 

ml of water, homogenized and sterilized using the 

autoclave. It was allowed to cool so as not to kill the 

organisms before it was put in the petri dish containing the 

1 ml of serially diluted soil. It was allowed for 5 days at 

room temperature so as to enable all the organisms grow. 

Aspergillus niger was identified morphologically as a black 

organism that forms pores and Aspergillus fumigatus was 

identified microscopically. They were then inoculated into 
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a bijou bottle as in the case of the bacteria and stored. 13 g 

of saburound dextrose agar broth was mixed in 200 ml of 

distilled water. It was sterilized in the autoclave at 121oC 

for 15 mins and then allowed to cool before inoculating the 

fungi for multiplication. The culture was then allowed for 

another 5 days before use. 

Materials and Methods 

The One-way ANOVA statistical method is used to 

analyse the result. It is a statistical test used to make 

comparisons of means for all samples in a one instance. It 

compares the variances within the samples to the variances 

between the groups in a study and determines whether the 

latter are significantly different from each other. 

a) Set up the table by squaring each group and 

summing all. 

b) `Find the overall grand mean, X = 




nj

ijX ,
 ………………..……………….... (1) 

c) Find the sum of squares, 

 ijX 2

………………………….................(2)
 

d) Find the total sum of squares, TSS = 

 ijX 2
- NX2 ………………………….… (3) 

e) Find the between group sum of squares, BSS = 

ni Xi
2 - NX2 ………………………………... (4)    

f) Find the within group sum of squares with TSS – 

BSS …………………………………………..… (5) 

g)        Find the variance estimates for 

 i) Between groups: 
1

2




K

BSS
SB

……………. (6)

 

 ii) Within groups: 
KN

WSS
SW




2

…… ……..(7)

 

Where K = number of groups and N =       

Total number of data………………................... (8) 

g) Find the snedecor’s variance ratio,  

F = 
2

2

WS

S
 …………………………………….... (9) 

h) Determine the critical value of F using the 

degrees of freedom  

i.e. K-1 & N-K values. …………………..…...... (10)  

i) Draw the ANOVA 

table……………………………………..…...…. (11) 

Results 

The 1st setup was for the sewage water. The samples 

are as follows: A- FUNGI, B- BACTERIA, C- FUNGI & 

BACTERIA, D-PLANT, E- PLANT & FUNGI, and F- 

PLANT & BACTERIA. The 2nd setup was for the sewage 

sludge. The samples are also as follows: A-BACTERIA, B- 

BACTERIA & Fungi, C-FUNGI, D- BACTERIA & 

PLANT, E-FUNGI & PLANT, and F- PLANT. 

The sewage water samples consist of 0.1 ml of A. 

niger, B. thuringiensis and a seedling of the Eichhornia 

crassipes plant as analysed above. The sewage sludge 

samples consist of 0.5 ml of A.fumigatus, B.cereus and a 

seedling of Bryophylum pinnatus as also analysed above. 

The quantities were collected after centrifugation at 6500 

RPM. They were sampled every 3 days for 15 days i.e. 5 

times sampling in all and the pH and temperature were 

monitored each day sampling was done. They were taken 

to a biochemistry lab for the heavy metal analysis
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Discussion  

From tables 1, 2, and 3 above, all heavy metals are 

seen to have been adsorbed well. A graphical 

representation of each table in figures 1, 2, and 3 shows the 

reductions in each case with the highest being adsorbed in 

the first 72 hrs. Subsequently there were reductions in the 

quantity adsorbed per time considered. This obviously was 

because of the reduction in the concentration of the heavy 

metals remaining in each case. There were exceptions 

though at some points like for cadmium, in the fungi and 

bacteria combination, the quantity adsorbed at 288 hrs 

(0.034) was seen to be higher than the quantity adsorbed at 

216 hrs (0.021). The same trend was also seen in the plant 

and fungi where at 288hours, quantity adsorbed was 0.037 

whereas in the preceding time (216 hrs), 0.032 was taken 

up and for lead, in the sample containing only fungi, the 

quantity adsorbed at 360 hrs (0.013) was seen to be higher 

than the quantity adsorbed at 288 hrs (0.006). This 

exceptions may be attributed to the scavenging abilities of 

the organims which may have increased at such points. 

Microorganisms (especially fungi), are known have the 

ability to scavcenge to increase the bioavailability of heavy 

metals during adsorption. Generally, On the reason why the 

organisms were all able to adsorb the heavy metals, the 

issue of complexation and ion exchange comes to play. 

Organisms like fungi and bacteria are known to have 

negetively charged walls and some functional groups like 

lipids, hydroxyl, phosphonate, carboxylic, chitin (fungi) 

and amino which are responsible for ionexchange with 

positively charged metals like pb2+, pb4+, zn2+, cd2+ thus 

reducing and adsorbing them in exchange of ions. Again, 

ionic componds can be exchaged for another. For instance, 

Mashitah, Zulfadhly and Bhatia (1999) also holds that 

some ions (calcium ions) present in the cell wall of 

organisms are released in exchange for lead. The highest 

adsorption efficiency was recorded in Sample C for each 

heavy metal. The combination of fungi and bacteria is seen 

to have an efficiency of 94%, 82%, and 98% for cadmium, 

lead and zinc respectively. E.crassipes plants are also 

known to have anionic cells. Plants species simply 

immobilise these metals and adsorb them onto their roots. 

They take up these metals like they take up food/fertilizers. 

Fertilizers are known to contain such metals with densities 

above 5g/cm3 like cadmium, mercury, zinc, lead, uranium. 

Again, there is a critical value below which metals are not 

readily available for uptake. There are yet no certain values 

for this and it should not be taken that the difference 

between the initial values of the metals and the total 

adsorbedin each case represents this value. It only shows 

the level adsorbed within the time frame of this experiment.  

Fig. 1. Cadmium adsoption per time 

 

 

Fig. 2. Lead adsorption per time 
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pH Changes with Time 

The pH increased as time increased for all organisms 

as seen in fig 4 and table 4. Some authors are of the opinion 

that for fungi, biosorption decreases as pH increases (Om 

Kalthoum, 2007; Emre et al. 2011) because of their chitin 

cell wall which releases acid during ion exchange. Also, 

Kuyucat and Volesky (1989) are of the opinion that the 

increase in pH may also be as a result of dissolution of 

some cytoplasmic components or ions such as carbonates 

released into the solution. For bacteria, Adrian et al. 

(2006), maintains that biosorption increases as pH 

increases. As for plants, Oluwole et al. (2010), and 

Muhammed et al. (2010), reports that biosorption increases 

as pH increases and biosorption mainly starts at pH 7. The 

reason for pH increment in this experiment could be as a 

result of a release by the organisms during adsorption and 

may have had effect in the area of aiding the solution and 

availability of heavy metals in the medium. Though the pH 

was not varied but measured in the experiment, yet it can 

be clearly seen that the metal concentration range or 

pollution level is more of a factor that influenced the 

experiment other than the pH. The pH may have 

contributed effectively but the range of contaminants 

observed here was not enough to fully see the true effect of 

the pH increase. The initial metal concentrrations are  

0.872 mg/l, 0.573 mg/l, 0.728 mg/l for cadmium, lead, and 

zinc respectively. It must also be noted that the species of 

fungi, bacteria and plant used are hyperaccumulators and 

very good adsorbers of the heavy metals considered. More 

significance may be observed in mediums with much larger 

concentration of these heavy metals (tens or hundreds of 

milligrams). Also as organisms multiply, there may be 

possibilities of pH of the medium increasing. This might 

just be responsible for the pH increment. 

Fig. 3. Zinc adsorption with time 

Temperature as noted by Aksu et al (1992) does not 

influence the biosorption performances in the range of 20-

35 CC. While this may contradict Arrhenius theory which 

says that all chemical reactions under room temperature are 

affected by temperature but within the range of metal 

concentration in the medium used in this experiment, 

temperature was seen to be between the range of 29 and 31 

during the adsorption period considered. There were 

differences in the quantities adsorbed per time in each 

sample for each metal although the temperature was seen to 

barely change as much in this experiment.  

Fig. 4. pH changes with time 

Efficiency comparisons 

It can be seen from this chart that there are only very 

little difference between the adsorption efficiencies of each 

organism for each heavy metal especially in the case of 

cadmium. This suggests a high affinity for cadmium in all 

the organisms. 
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To summarize, the combination of Fungi and 

Bacteria can be seen to have performed best of the six in 

each heavy metal case although there is need to subject this 

to statistical test as this judgement is based on the 

differences observed in the height of the columns. Bacteria 

are known to grow and feed on exposed surfaces of organic 

matter whereas fungi can use their hyphae to penetrate 

larger pieces of organic matter which are major carriers of 

these heavy metals in sewage water. Thus a combination of 

these two scavenging methods may be responsible for the 

observed better performance. There are arguments that 

fungi feed on dead bacteria since they feed on dead matter. 

If this is to be very true, then it still could be a possible 

answer as to why this combination gave the highest 

because the bacteria having adsorbed some metals and die 

off are eaten by fungi which also have been feeding on 

other organic matter (carriers of most of these metals) 

present in the medium. It must also be noted that organisms 

feed on this heavy metals too. The total adsorption should 

therefore be higher based on this argument. This however 

needs further research.   

Fig. 5. Efficiencies Comparisons 

 

There is also a need to further research on the effect 

of metal density on adsorption by organisms as this 

experiment showed that lead with density of 11.36 g/cm3 

was the least adsorbed while cadmium with 8.65 g/cm3 and 

zinc with 7.13 g/cm3 were seen to be adsorbed more for all 

samples. 

Discussion  

The sewage sludge samples also did well. The metals 

reduced per time as well. The plant sample adsorbed more 

for after the 1st day for each case as seen in tables 6, 7, and 

8 and figures 6, 7, and 8 (for zinc, 2.143 was adsorbed the 

1st 72 hrs and 3.303 was adsorbed after the 144th hr and 

likewise for cadmium and lead). Unlike the Eichhornia 

crassipes, Bryophyllum pinnatus needed time to reajust to 

the new environment and the reason for the second 

sampling having a higher metal uptake in each case. 

Eichhornia crassipes are very fast growing and aversive 

water plants that dont neccessarily need time to readjust in 

a medium as long as it is water.  

Fig. 6. Zinc adsorption per time 

 

Fig. 7. Cadmium adsorption per time 

The pH is also seen to have increased per time for all 

organisms. The reasons for the performance of the 
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organisms are not different from those above as the 

organisms are all from the same family. From the 

efficiencies in tables 6, 7, and 8, the combinations of fungi 

and plant, and bacteria with 99% each performed best in 

the adsorption cadmium whereas for zinc, fungi with 98% 

performed the least. All other samples had efficiencies of 

99% each. For lead, fungi and bacteria with 96% and 97% 

performed the least. Others had 99% as well. 

Fig. 8. Lead adsorption per time 

Fig. 9. pH changes per time for all organisms 

Analysis of variance 

When the results for both the sewage water and 

sewage sludge were subjected to further analysis beyond 

the means, only the zinc adsorption showed a significant 

difference in the means with the calculated snedecor’s ratio 

calculated as 5.11 and while the critical value is 2.62. The 

rest in both set ups showed no significant difference in the 

means as the calculated snedecor’s ratio is below the 

critical value. This implies that all the organisms on the 

average did well and can effectively be used in the 

bioremediation of heavy metals in both sewage water and 

sewage sludge. The significance in zinc adsorption in the 

sewage sludge may be linked to the initial concentration of 

10.845 kg/mg. This supports the reasoning that at higher 

metal concentrations, more significance may be seen.  

Conclusions 

The following conclusions can be drawn from the study: 

1) The organisms used can all be effectively used in 

bioremediation as most efficiencies are over 80%. 

2) Generally biosorption decreased as time increased. 

This was mainly influenced by the small concentration 

of heavy metals present in the medium and the class of 

organisms used. 

3) Although the pH kept increasing, biosorption however 

kept decreasing except for very few cases.  

4) It was also observed that based on algebraic reasoning 

for sewage water, the combination of fungi & bacteria 

performed best for allheavy metals tested while plant 

and bacteria combination performed least for 

cadmium and zinc adsorption. Sample containing 

plant alone performed least in lead adsorption. Sample 

containing fungi was seen to have done well after the 

combination of fungi & bacteria but for lead 

adsorption where bacteria did better. However, these 

differences were found insignificant statistically. For 

the sewage sludge, there is only significance 

difference in zinc adsorption. The rest are insignificant 

statically. The difference observed on the table may 

have a multiplying effect on a large scale application. 

5) From the graph of efficiency, it can clearly be seen 

that the most adsorbed metal is cadmium for sewage 

water and for sewage sludge, zinc was the most 

adsorbed. 

6) Based on other consideration like cost, depth of reach, 

applicability, secondary waste generation, growth rate, 
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maintenance and time involved, the use of 

microorganisms in bioremediation is better than the 

use of plants. 

References 

Adrian Hetzer, Daughney CJ, Morgan HW (2006). 

Cadmium biosorption by Thermophilic bacteria 

Geobacillus stearothermophilus and G. 

thermocatenulatus. American Society for 

Microbiology.  

Agunwamba JC (2001). Waste Engineering and 

Management tools. Immaculate Business Support 

services.Appel, Chip and Ma, Lena (2002). Heavy 

metals in the Environment: Concentration, pH and 

surface charge effects on Cd and Pb sorption in three 

tropical soils. Journal of Environmental Quality 

(JEQ), 21: 589. 

Aksu Zumriye, Sag Yesim, Kutsal Tulin (1992). The 

biosorption of copper (II) by C. vulgaris and Z 

ramigera. Environmental Technology. 13: 579-586. 

AOAC (2005). Official Methods of Analysis. 18th Edn., 

Association of Official Analytical Chemists, USA. 

Bennett LE, Burkhead JL, Hale KL, Terry N, Pilon M, 

Pilon-Smits E.A.H (2003). Analysis of transgenic 

Indian Mustard plants for phytoremediation of metals-

contaminated mine tailings. J. Environ. Qual., 32: 

432-440. 

Bollag JM, Mertz T, Otijen L (1994). Role of 

Microorganisms in Soil Remediation. In Anderson 

TA, Coats J.R. eds. Bioremediation through 

Rhizosphere Technology. 

Chaudhry Q, Blom-Zandstra M, Gupta SK, Joner E (2005). 

Utilizing the synergy between plants and rhizosphere 

microorganisms to enhance breakdown of organic 

pollutants in the environment. Environ Sci Pollut Res. 

12: 34–48. 

Emre E, Erden Kaymaz, Yasin, Pararlioglu, Nurdan, 

Kasikara (2011). Biosorption Kinetics of a Direct Azo 

Dye Sirius blue K-CPA by Trametes versicolor. 

Electronic Journal of Biotechnology. Vol. 14(2):3. 

Gadd G (1990). Heavy metal accumulation by bacteria and 

other microorganisms. Experimentia. 46: 834-840. 

Ig Igwe JC, Ogunewe DN, Abia AA (2005c). Competitive 

adsorption of Zn (ii), Cd (ii) and Pb (ii) ions from 

aqueous and non-aqueous solution by maize cob and 

husk. Afr. J. Biotechnol. 4(10): 1113-1116.  

KKuyukat, N, Volesky (1989). Bioaccumulation of Cobalt 

by marine alga. Biotechnology and Bioengineering,  

33: 809-814. 

 Madigan M, Martinko J (2005). Brock Biology of 

Microorganisms (11th ed.). Prentice Hall. 

Mashitash MD, Zulfadhly Z, Bhatia S (1999). Binding 

Mechanism of heavy metal biosorption by pycnoporus 

sanguineus. Artif Cells Blood Substit Immobil 

Biotechnology. 27(5-6): 441-5. 

Moore JW (1990). Inorganic contaminants of surface water 

residuals and monitoring priorities. New York, USA: 

Springer-Verlag; pp.178-210.  

Muhammad Zaheer Aslam, Naveed R, Shahid N, Nadeem 

F (2010). Removal by biosorption using Ficus 

religiosa (peepal) leaves. Journal of Chemical Society, 

55(10): 81-84.  

Oluwole Faleye, Aisien, Aibuedefe, Eki, Tina (2010). 

Phytoremediation of Heavy Metals in aqueous 

solutions. Leonardo Journal of Sciences. 9(17): 37-46. 

Volesky .B (1990a). Biosorption and biosorbents. In: 

Biosorption of heavy metals. CRC Press. Boston, 3-5. 


