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Abstract: This work focuses on initial selection of factors for batch biosorption 
experiment and statistical design of experiment for bioremediation. It involves the 
selection of factors like volume of nutrient, mass of organisms, pH of soil, 
temperature and stirring frequency per week for the study of the performances of two 
micro organisms- Proteus mirabilis and Onychocola Canadensis in the removal of 
heavy metals, such a lead, cadmium and arsenic from soil samples collected from a 
site at the heavy metals polluted forest soil of Amaonye community in Ishiagu clan of 
Ebonyi State in Nigeria. The collected sample was aseptically transported to the 
laboratory, and through bacteriological and mycological (microbio-logical) analysis; 
Proteus mirabilis and Onychocola Canadensis were isolated and cultured. Afterward, 
24 and 48 hours hold Proteus mirabilis (bacteria) and Onychocola canadensis (fungi) 
were harvested from their respective nutrients (nutrient agar and MacConkey agar) 
and inoculated into soil samples prepared for experiment. Through the experimental 
parameters variation, it was observed that Proteus mirabilis was at its optimum 

o
performance at 8ml of nutrient, 1g of the organism, 30 C of temperature, pH of 7 and 
stirring frequency of 4 per week (pw). Onychocola Canadensis was at its optimum 

oremoval performance at 10ml of nutrient, 1g of organism, 25 C of temperature, pH of 
7 and stirring frequency of 4pw
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Introduction
Soils constitute part of vital environmen-
tal, ecological and agricultural resource 
that has to be protected (Ezeh and Chukwu, 
2011). They are key components of 
terrestrial ecosystem both natural and 

agricultural, being essential for the growth 
of plants and the degradation and recycling 
of dead biomass (Alloway, 1990). Man 
depends on soils uncontaminated by toxic 
element to produces his food. Though the 
soil represents only 0.4% of the total mass 
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of our planet, agricultural productivity, and 
hence survival of mankind, is tied to this 
part of the earth thus necessitating the study 
of its composition and functions (Atar and 
Vohora, 2006).

Heavy metals contamination in soil 
is a major concern because of their toxicity 
and threat to human life and the 
environment (Begum et al., 2009). Though 
in small concentration, heavy metals are 
not toxic to plants and animals (De Vries et 
al., 2007), the cases of lead (Pb), cadmium 
(Cd) and mercury (Hg) are exceptions as 
they are toxic even in low concentrations 
(Galas-Gorcher, 1991).

 Ishiagu Nigeria, is a mining zones, 
it is one the major sources of lead and 
associated cadmium to the environment 
arising from lead and zinc mining activities 
by industrial and local miners (Onyedika 
and Nwosu, 2008). Waste resulting from 
their mining and use liter many places 
(Nwaugo et al., 2008). In most cases, large 
ponds and heaps of wastes are left in the 
trail of excavation for these elements, while 
rains wash the waste heaps into the 
surrounding water bodies and farm lands. 
The ponds overflow their banks resulting in 
pollution even outside the area of 
production (Obiekezie et al., 2006). 

The inhabitants of Ishiagu are 
essentially farmers, and large quantities of 
yam, rice, okro and leafy vegetables are 
produced not only for local consumption, 
but also for food supplies to other parts of 
Nigeria. Mining has also become important 
because of pb-zn lodes in the area ( Ezeh 
and Chukwu, 2011).  Pb, Zn, Cu, Cd, nickel 
(Ni) and cobalt (Co) forms the major and 
minor elements of the Pb-Zn ores in the 

veins and lodes that abound in the area of 
Ishiagu (Ezeh and Chukwu, 2011). 

Like in many other places in the 
world, heavy metal interaction with 
environment occurs in Ishiagu. As 
reported polluted by (Ezeh and Chukwu, 
2011), some areas in Ishiagu are polluted 
with Pb, Cd, Zn and Co. The higher 
concentration are close to mineralized 
areas of Ugwuajirija and Eziator (Ezeh and 
Chukwu, 2011). 
 Onyedika and Nwosu (2008) 
analysed lead, zinc and cadmium in root 
crops from mineralized Galena–Sphalerite 
mining areas of Ishiagu and discovered 
high concentrations of these metals in 
cassava, yam, cocoyam and potato grown 
in the soils of Ihetutu, Amita, Amaeke, 
Amagu, Amaonye and Amaeze which is 
attributed to the strong heavy metal 
pollution due to the deposits of lead-zinc 
minerals and the mining activities in the 
areas.

From the ongoing analyses, is 
obvious that Ishiagu is an important 
economic (agricultural and mining) 
community and its soil is polluted with 
heavy metals. Therefore remediation of 
the soil is important.  

Materials and Methods
Soil sample was collected from heavy 
metals polluted site located at Amaonye 
forest in Ebonyi State of Nigeria using 
sterile polythene bag. The sample was 
aseptically transported to the laboratory 
where bacteriological and mycological 
(microbiological) analysis was carried out. 
Micro organisms: Proteus mirabilis and 
Onychocola Canadensis were isolated and 
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cultured. 
24 and 48 hours hold Proteus 

mirabilis (bacteria) and Onychocola 
canadensis (fungi) were harvested from 
their respective nutrients (nutrient agar and 
MacConkey agar) and inoculated into soil 
samples prepared for experiment.

This study was carried out in 
triplicate using the batched sorption 
procedure (Brasil et al., 2006 and Lima et 
al., 2007). For these experiments, varying 
nutrient weights (2, 4, 6, 8, and 10ml) were 
introduced into a 50ml beaker containing 
3g of soil for every organism. The selected 
nutrient weights from above were held 
constant for varied organisms' masses (1, 
2, 3, 4 and 5g) for each organism. Based on 
the selected nutrient weights and masses of 
organisms, the temperature variation of 

0 
(10, 20, 30, 40 and 50 C) and variation of 

0(15, 20, 25, 30 and 35 C) were evaluated 
for bacterial and fungal respectively. Also, 
based on the selected nutrient weights and 
masses of organisms, the pH variations of 
(5, 6, 7, 8 and 9) were evaluated for the 
organisms. And finally, the stirring 
frequency per week of (0, 1, 2, 3 and 4) 
were evaluated for the organisms. This 
factors were selected based on the evalua-
tion of the concentration of heavy metals 
remaining using Atomic Absorption 
Spectrophotometer (GBC SensAA, Model 
no. A6358).

From the initial evaluation of 
sorption factors above, the fitting factors 
for biosorption studies and for statistical 
design of experiments were selected.  

Discussion of Results

This work focuses on initial selection of 
factors for batch biosorption experiment 
and for statistical design of experiment for 
bioremediation. It is about the selection of 
factors such as volume of nutrient, mass of 
organisms, pH of soil, temperature and 
stirring frequency per week for the study of 
the performances of two micro organisms- 
Proteus mirabilis and Onychocola Cana-
densis in the removal of heavy metals, such 
a lead, cadmium and arsenic from soil 
samples. These factors were selected by 
observing their influences on the metals 
removal by the selected organisms consi-
dering the lowest concentration remaining 
as the parameter for factors selection.

Through parameters variation, it 
was observed that Proteus mirabilis was at 
its optimum performance at 8ml of nutri-

oent, 1g of the organism, 30 C of tempera-
ture, pH of 7 and stirring frequency of 4pw. 
Onychocola Canadensis was at its 
optimum removal performance at 10ml of 

o
nutrient, 1g of organism, 25 C of 
temperature, pH of 7 and stirring frequency 
of 4pw.

Volume of Nutrient Selection
Figures 1 and 2 shows the influence of 
nutrient on the removal of lead, cadmium 
and arsenic by the selected organisms.  For 
Proteus mirabilis, based on the lowest 
concentration remaining, a value of 8ml for 
biosorption studies; low and high values of 
8ml and 10ml for statistical design of 
experiments were selected. For Onycho-
cola canadensis, a value of 10ml for biosor-
ption studies; low and high values of 2ml 
and 10ml for statistical design of 
experiments were selected.
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volume Nutrient (ml)

Figure 1: Influence of Nutrient on Pb, Cd, and As
Removal by Proteus Mirabilis.
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Figure 2: Influence of Nutrient on Pb, Cd, and As
Removal by Onychocola Canadensis.
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Masses of Organisms Selection
Figures 3 and 4 show the influence of the 
masses of organisms on the removal lead, 
cadmium and arsenic by the selected 
organisms.  For Proteus mirabilis, based on 
the lowest concentration remaining, a 
value of 1g for biosorption studies; low and 

high values of 1g and 5g for statistical 
design of experiments were selected. For 
Onychocola canadensis, a value of 1g for 
biosorption studies; low and high values of 
1g and 3g for statistical design of 
experiments were selected. 

Mass of organism (g)

Figure 3: Influence of Proteus Mirabilis’ Mass on Pb, Cd, 
and As Removal.
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Figure 4: Influence of Onychocola Canadensis’ Mass on 
Pb, Cd, and As Removal.
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Temperature Selection

Figures 5 and 6 show the influence of 

temperature on the removal lead, 

cadmium, and arsenic by the selected 

organisms. For Proteus mirabilins, based 

on the lowest concentration remaining, a 
o

value of 30 C for biosorption studies; low 

o oand high values of 30 C and 40 C for 

statistical design of experiments were 

selected. For Onychocola canadensis, a 
ovalue of 25 C for biosorption studies; low 

o oand high values of 25 C and 30 C for 

statistical design of experiments were 

selected. 
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Figure 5: Influence of Temperature on Pb, Cd, and As
Removal by Proteus Mirabilis.
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Figure 6: Influence of Temperature on Pb, Cd, and As
Removal by Onychocola Canadensis.
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pH Selection
Figures 7 and 8 show the influence of pH 
on the removal lead, cadmium and arsenic 
by the selected organisms. For Proteus 
mirabilis, based on the lowest concentra-
tion remaining, a value of 7 for biosorption 

studies; low and high values of 7 and 8 for 
statistical design of experiments were 
selected. For Onychocola canadensis, a 
value of 7 for biosorption studies; low and 
high values of 7 and 8 for statistical design 
of experiments were selected. 
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Figure 7: Influence of pH on Pb, Cd, and As Removal by
Proteus Mirabilis.
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Figure 8: Influence of pH on Pb, Cd, and As Removal by
Onychocola Canadensis.

Journal of Civil and Environmental Systems Engineering - UNIBEN

178      Variation of Factors for Metals Removal: A Guide to Factors Selection for Bioremedication...   



Stirring Frequency per Week 
Figures 9 and 10 shows the influence of 
stirring frequency per week on the removal 
of lead, cadmium and arsenic by the 
selected organisms.  For Proteus mirabilis, 
based on the lowest concentration 
remaining, a value of 4pw for biosorption 

studies; low and high values of 3pw and 
4pw for statistical design of experiments 
were selected. For Onychocola canaden-
sis, a value of 4pw for biosorption studies; 
low and high values of 3pw and 4pw for 
statistical design of experiments were 
selected. 

C
o

n
c
e
n

tr
a
ti

o
n

 R
e

m
a
in

in
g

 (
m

g
/k

g
)

Stirring Frequency per Week  (rpm/wk)

Figure 9: Influence of Stirring Frequency per week on 
Pb, Cd, and As Removal by Proteus Mirabilis.
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Figure 10: Influence of Stirring Frequency on Pb, Cd, and 
As Removal by Onychocola Canadensis.
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Conclusion
This study was carried out to observe the 
removal of the metals through the 
variations of the experimental factors and 
thereafter to select the suitable factors for 
batch biosorption experiments and for 
statistical design of experiments. These 
factors were selected by observing their 
influences on the metals removal by the 
selected organisms considering the lowest 
concentration remaining as the parameter 
for factors selection. These selected factors 
can therefore be utilized in batched 
biosorption experiments, and for statistical 
design of experiments for detailed 
bioremediation study.
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