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ABSTRACT

The effects of culture age and biomass concentrations of Bacillus sp, Pseudomonas sp and Aeromonas sp
on their capabilities of biconcentrating various heavy metals associated with crude oil (Fe, Zn, Cu, Cd, Pb and
Ni) were evaluated. Results obtained revealed that metal uptake was highest in a 24h old Bacillus culture and
decreased significantly at 95% confidence limits as the culture age increased from 24h to 96h. In the case of
Pseudomonas sp and Aeromonas sp uptake of various metals increased significantly with increases in culture
ages and optimum uptake of the respective metals were achieved by 72 hours old cultures. The amounts of
metals accumulated by Pseudomonas sp and Aeromonas sp at this age and at optimal initial metal concentration
were 64 milligram per gram dry weight (mg/g dry wt) (Fe), 7.5 mg/g dry wt (Zn), 2.45 mg/g dry wt (Cd),
1.0 mg/g dry wt (Cu), 37.5 mg/g dry wt (Pb), 7.5 mg/g dry wt (Ni), and 8.5 mg/g dry wt (Fe), 1.6 mg/g dry
wt (Zn), 0.35 mg/g dry wt (Cd), 2.63mg/g dry wt (Cu), 0.35 mg/g dry wt (Pb), 0.75 mg/g dry wt (Ni)
respectively. Further increases in the biomass size of the three test isolates from 1mg to 20mg resulted in
increased uptake of the various heavy metals. For Bacillus sp, uptake ranged from 0.5 to 1.5 mg/l (Fe), 0.04
to 0.4 mg/l (Zn), 0.004 to 0.065 mg/l (Cd), 0.005 to 0.28 mg/l (Cu), 0.01 to 0.94 mg/l (Pb) and 0.05 to 0.484
mg/l (Ni). Uptake increased from 0.6 to 2.45, 1.25 to 4.2, 0.009 to 0.316, 0.011 to 0.4, 0.38 to 0.6 and 0.002
to 0.09 (mg/l) as biomass concentration of Pseudomonas sp subjected to the respective solutions of Fe, Zn,
Cd, Cu, Pb and Ni increased from 1mg to 20mg. Increases observed in Aeromonas sp ranged from 0.1 to 0.48
mg/l (Fe), 0.008 to 0.104 mg/l (Zn), 0.002 to 0.09 mg/l (Cd), 0.003 to 0.18 mg/l (Cu), 0.002 to 0.104 mg/l
(Pb) and 0.008 to 0.2 mg/l (Ni) at concentrations that resulted in maximum uptake. The study revealed that
increased biomass size as well as appropriate culture age, 24h for Bacillus and 72h for Pseudomonas and
Aeromonas increased bioaccumulation of heavy metals by these bacterial isolates.
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Introduction

Discharge of toxic metal containing wastes to surface and subsurface waters poses unacceptable health
risks (Ford and Mitchel, 1992). It has resulted in the contamination of domestic and industrial water supplies
and concentration of metals in edible fish and other aquatic fauna. There has been difficulty in assessing
accurately the extent of the risk because available models of transport and transportation are grossly inadequate.

Currently, there is abundant information about microbial processes that affect cycling, transport and
transformation of toxic metals in aquatic environments. These processes may be divided into six different
processes: Intracellular accumulation, cell wall interactions, metal-siderophores interactions, extracellular
processes, extracellular polymer-metal interaction and volatilization of metals by transformation (Ford and
Mitchel, 1992). All these processes are responsible for the intracellular accumulation of metals by
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microorganisms (bioaccumulation) (Sigg, 1987, Ford and Mitchel, 1992, Odokuma and Emedolu, 2005). This
ability by microorganisms has been exploited in heavy metal remediation practices (Hussein et al., 2004). A
number of factors may affect the rate at which heavy metals are accumulated in bacterial cells. These include
temperature (Asku et al., 1991), pH (Galun and Gelun, 1987), biomass concentration (Fourest and Roux, 1992),
duration of exposure (contact time) (Odokuma and Ijeomah, 2003 Odokuma and Emedolu, 2005), binding
capacity of metal, species of organism (Odokuma and Ijeomah, 2004 Odokuma and Emedolu, 2005) and
presence of other contaminants (Asku et al., 1991).

Biomass concentration in solution seems to influence the specific uptake; for lower values of biomass
concentrations, there is an increase in the specific uptake (Fourest and Roux, 1992). Gadd, 1988 suggested that
an increase in biomass concentration leads to interference between the binding sites. Fourest and Roux (1992)
suggested an alternative hypothesis, attributing the responsibility of the specific uptake decrease to metal
concentration shortage in solution.

Beveridge (1989) has observed the deposition of a range of positively charged metals on the negatively
charged cell wall layers of gram positive and gram-negative eubacteria and archebacteria. Gadd (1990) showed
high bioaccumulation capacity (up to 50% of cell mass) of toxic metal cations and radionuclides by yeast and
moulds. Companies have been formed (Darnall, 1989, Darnall et al., 1989) to develop and market pelletized
microbial cell mass as specific and effective biosorbents. The products were granulated non-living cellular
biomass from mixed microbial species, which were used in either fixed bed canisters or fluid bed reactor
systems. Silver, cadmium, copper, zinc and lead were accumulated from dilute solutions, reducing the residual
levels by more than 99% (Brierley et al., 1986).

The use of microbes to absorb toxic heavy metals and to accumulate minerals of economic value (e.g.
Gold) has been investigated for over a decade (Silver, 1992). Strandberg et al., 1981, observed that both yeast
and bacterial cells bioaccumulated uranium from dilute aqueous solutions upto 15% of dry weight of bacteria
or 30% of the yeast. The heavy metal accumulated extracellularly in the yeast (Strandberg et al., 1981) and
intracellularly in Pseudomonas aeroginosa (Strandberg and Arnold, 1988)

In this study, the effect of culture age and bacterial biomass concentration on bioconcentration of six heavy
metals (Ni, Cu, Pb, Fe, Cd and Zn) associated with a Nigerian crude (Bonny light) was investigated. The
organisms (Aeromonas, Bacillus and Pseudomonas) employed in this study were obtained from the New
Calabar River. The organisms were chosen after a preliminary screening test for resistance to the salts of these
heavy metals employing bacterial isolates (Alcaligenes, Aeromonas, Bacillus, Achromobacter, Chromobacterium,
Corynebacterium, Micrococcus, Pseudomonas and Serratia) isolated from the New Calabar River water. The
three organisms displayed the highest form of resistance to these heavy metals. The use of the three organisms
was also supported by the results of Odokuma and Ijeomah, (2003a and b), Odokuma and Abah, (2003) and
Odokuma and Emedolu (2005). These studies showed that Bacillus, Aeromonas and Pseudomonas were
resistant to the salts of these heavy metals associated with crude oil.

The objective of this study was to determine the appropriate culture age and the biomass concentration
of these three bacterial genera that would produce the highest bioconcentration values

Materials and methods

Isolation of Heavy Metal Resistant Bacteria from the River Water

The test organisms, Bacillus sp, Pseudomonas sp and Aeromonas sp were isolated from the brackish water
sample collected from the New Calabar River, Port-Harcourt, Rivers State.  The spread plate technique (APHA,
1998) using nutrient agar (Oxoid) was employed for their isolation. The plates were incubated at 370C for 18-
24hours. Pure bacterial isolates were characterized and identified using various criteria as described by Krieg
and Holt (1994). Pure isolates were transferred into nutrient agar slants stored at 40C and served as the stock
cultures for subsequent tests.

Nine predominant bacterial genera; Achromobacter, Alcaligenes, Aeromonas, Bacillus, Chromobacterium,
Corynebacterium, Micrococcus, Pseudomonas and Serratia were identified.
Test organisms were maintained on nutrient agar slants at room temperature (25 ± 2ºC)

Heavy Metal Solution
The choice of heavy metals used in this study was based on the analysis of the heavy metals present in

a Nigerian crude (Bonny light). Nickel, lead, copper, zinc and iron were heavy metals obtained in Bonny light.
A stock solution of the respective heavy metal salts (NiSO4, PbSO4, CuSO4, FeSO4 and ZnSO4) by dissolving
a known weight of the heavy metal salts that gave a corresponding 1g of the respective heavy metal in 1000ml
of deionized water. These were left to stand for 30minutes to obtain complete dissolution. Subsequent ten-fold
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serial dilution was performed to 104 dilution to obtain the various metal concentrations of 100mg/l, 10mg/l,
1mg/l and 0.1mg/l respectively. These were then dispensed into 100ml Erlenmeyer flask in 40ml amount.
Sterilization at 121oC for 10-15minutes then followed.

Preparation of Standard Inoculum of Isolates 

A loop-full of cells from the respective stock cultures were incubated into 100ml sterile nutrient broth
contained in 250ml Erlenmeyer flasks. The flasks were incubated at 370C for 24 hours with intermittent
shaking. At the end of the incubation period, cells were harvested by centrifugation at 4000rpm for 30mins
and re-suspended in 100ml sterile physiological saline. The total viable counts were carried out to estimate the
number of viable organisms. During this process, the cultures were subjected to serial dilutions up to 106

dilutions. An amount (0.1ml) from each dilution was inoculated by spread plate technique into freshly prepared
nutrient agar plates, which were incubated at 370C for 24hours. The dilutions that produced between 30-300
colonies were chosen and served as inoculum for preliminary screening experiments.

Preliminary screening test 

This was carried out to determine the isolates that possess resistance to some of the heavy metals
associated with the crude oil. One hundred millilitres of 1mg/l of the respective heavy metal solutions were
prepared as earlier described. Nine millilitres were dispensed into test tubes and sterilized. Controls contained
9mls of physiological saline. One millilitre of respective standardized isolates’ inoculum was then added and
incubation followed immediately at a temperature of 25oC±2 for duration of 24 hours. At the end of the
incubation period, 0.1ml were withdrawn and plated onto the surface of freshly prepared nutrient agar plates
using the spread plate technique as described by APHA (1998). Incubation followed immediately at 25oC±2
for 18-24 hours. Colonies formed were counted and percent log survival were calculated according to
Williamson and Johnson (1981).

log
% log 100

of count in toxicant concentration
survival x

Log of count incontrol


Based on the results, Pseudomonas, Bacillus and Aeromonas were chosen for further studies.

Determination of culture age of isolates/standard inoculum

A loop-full of each isolate from the respective stock cultures were transferred into 100 millilitres of freshly
prepared nutrient broth contained in a 250ml Erlenmeyer flask. Incubation followed (250rpm) at 25±2oC in a
shake flask system at incubation periods of 24h, 48h, 72h and 96h. Cells at culture age corresponding to the
time of harvest were washed thrice in sterile phosphate buffered saline and re-suspended in sterile physiological
saline to an optical density of 420nm which served as standard inoculum for experiments of effect of culture
age on heavy metal bioaccumulation.

Effect of culture age

Ten millilitres of standard inoculum were withdrawn aseptically and introduced into 40ml of triplicate sets
of varying concentrations (0.1, 1.0, 10.0 and 100.0 mg/l) of each heavy metal salt. Incubation followed
immediately at 25±2oC in a shake flask system at 150rpm.  At exposure duration of 24hours, cells were
harvested by centrifugation at 4000rpm for 30minutes, washed thrice in sterile phosphate buffer solution (PBS)
dried to constant weight and digested for analysis of heavy metal uptake using atomic absorption
spectrophotometer (UNICAM 929 AA Spectrometer).

Determination of biomass concentration

Biomass of the test organisms was developed by growing each in nutrient broth medium at 25±2oC under
shaken conditions of 150rpm. Cells were harvested by centrifugation at 4000rpm for 30 minutes using a 800D
model centrifuged. Harvested cells or biomass were washed thrice in sterile phosphate buffered saline and re-
suspended in 10 milliliters of sterile physiological saline to optical densities of 420, 520, 620 and 720nm that
gave biomass concentrations of 1mg, 5mg, 10mg and 20mg respectively. These were as determined from
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prepared standard curved. The 10ml of the respective biomass concentration were then introduced into
40millilitres of the varying concentrations of each of the heavy metal solutions. Incubation followed at 25±2oC
for 24 hours after which cells were harvested, washed thrice in sterile PBS, dried and digested for analysis
of heavy metal uptake.

Determination of dry weight / digestion of bacterial biomass

Dry weight of biomass was ascertained by subjecting the harvested cells to a temperature of 80oC. At
intervals of 2 hours, the weight was taken until constant weights were achieved. A known dry weight of the
bacterial biomass was then digested using the wet oxidation method as described by APHA, 1998. Digestion
was by mixing the bacterial biomass with 1ml each of trioxonitrate (v) acid, perchloric acid and
tetraoxosulphate (vi) acid. The mixture was then heated for 10-15 minutes.

Statistical analyses of data

The two-way analysis of variance (ANOVA) and correlation analysis were employed (Finney, 1978).

Results

Results of the analysis of heavy metals present in the crude oil impacted water samples are given in Table
1. The isolate obtained from the river water sample were Achromobacter, Alkaligens, Aeromonas, Bacillus,
Corynebacterium, Chromobacterium, Micrococus, Pseudomonas and Serratia. The results of the preliminary
screening for the resistance of isolates to the toxicity of the various heavy metals are presented in Table 3.
Three of the test isolates (Aeromonas, Bacillus and Pseudomonas) showed resistance to the six heavy metal
salts. 

Table 1: Response of Isolates to the toxicity of the various heavy metals:
Isolates Fe Zn Cd Cu Ni Pb Control
Alcaligenes ++ ++ - - - - +++
Aeromonas +++ +++ ++ +++ ++ ++ +++
Bacillus +++ +++ +++ +++ +++ +++ +++
Achromobacter +++ ++ - - + - +++
Chromobacterium ++ + - + - - +++
Corynebacterium ++ ++ - + + - +++
Micrococcus +++ ++ + ++ + - +++
Pseudomonas +++ +++ +++ +++ ++ ++ +++
Serratia +++ + - + + - +++
Key:
+++ = > 70% log survival
 ++ = 50-69% log survival
   + = 30-49% log survival  
 - = < 29% log survival

The effects of the culture age of Bacillus on the uptake of various heavy metals are presented in Fig 1a-1f.
Results showed that amounts of heavy metals accumulated were highest in 24-48h cultures of this organism
than in 72 –96h cultures. However, 72h cultures of Bacillus accumulated more lead (Pb) than other culture
ages. These results were achieved with high metal concentrations (10-100mg/l) of Zn, Fe, Cd, Cu and Ni.
Insignificant amounts were accumulated at metal concentrations of 0.1-1.0mg/l.

Results on the effect of culture age on heavy metal uptake by Pseudomonas sp are shown in Fig. 2a-f.
With the exception of Zn metal uptake was greatest by 72h old cultures. In Zn containing cultures metal
uptake was greatest in 24-48h cultures. Uptake was generally greater in metal concentrations of 10-100mg/l
than in lower concentrations of 0.1-1.0mg/l

The results of Aeromonas containing cultures (3a-3f) were similar to those of Pseudomonas. Metal uptake
was greatest in 72h old cultures Again higher metal concentrations (10-100mg/l) generally produced higher
metal uptake than lower metal concentrations of 0.1-1.0mg/l.except in Pb containing cultures where 1.0mg/l
produced the highest uptake.

The effect of the biomass of Bacillus on the uptake of various heavy metals is presented in Fig 4a-4f.
Uptake increased with increase in microbial biomass. Higher metal concentrations (10-100mg/l) generally
produced better yields than lower concentrations (0.1-1.0mg/l). Similar results were obtained for Pseudomonas
(Fig5a-5f) and Aeromonas (6a-6f)
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Fig. 1: Effect of the culture age of Bacillus on the uptake of various heavy metals 
Fig. 1a: Fe.
Fig. 1b: Zn
Fig. 1c: Cd
Fig. 1d: CU
Fig. 1e: Ni
Fig. 1f: Pb
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Fig. 2: Effect of culture age on bioconcentration of various heavy metals by Pseudomonas
Fig. 2a: Fe
Fig. 2b: Zn
Fig. 2c: Cd
Fig. 2d: CU
Fig. 2e: Ni
Fig. 2f: Pb



345Adv. in Nat. Appl. Sci., 3(3): 339-349, 2009

Fig. 3: Effect of culture age on the uptake of various heavy metals by Aeromonas sp
Fig. 3a: Fe
Fig. 3b: Zn
Fig. 3c: Cd
Fig. 3d: CU
Fig. 3e: Ni
Fig. 3f: Pb

Fig. 4: Effect of biomass concentration on uptake of various metals by Bacillus sp Fig. 4a: Fe
Fig. 4b: Zn
Fig. 4c: Cd
Fig. 4d: CU
Fig. 4e: Ni
Fig. 4f: Pb
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Fig. 5: Effect of biomass concentration on heavy metals uptake by Pseudomonas sp 
Fig. 5a: Fe
Fig. 5b: Zn
Fig. 5c: Cd
Fig. 5d: CU
Fig. 5e: Ni
Fig. 5f: Pb

Heavy metal accumulation by each test organism increased steadily as the biomass concentration increased
from 1mg to 20mg. Correlation values between metal uptake and biomass concentrations were strongly positive
at all given initial metal concentrations and at 95% confidence limit, significant differences existed in the
amounts accumulated by the various biomass sizes. At 0.1mg/l initial concentration of Fe, uptake increased
thus: 0.001, 0.003, 0.005 and 0.009 (mg/l) for biomass concentrations of 1mg, 5mg, 10mg and 20mg
respectively. At 1.0mg/l of Fe, accumulation increased thus: 0.065, 0.115, 0.208 and 0.3 (mg/l). As biomass
respectively increased in size from 1mg to 20mg.The correlation between uptake and biomass size at this initial
Fe concentration was 0.999. At 10mg/l, Fe uptake ranged from 0.065 to 0.3 mg/l and the value of correlation
between uptake and biomass size 0.8965. Also, at 10mg/l of Fe, uptake increased from 0.815mg/l to 1.1mg/l
(r=0.9891). The range of uptake at 100mg/l was from 0.846 to 1.504 mg/l (r = 0.9803). Similar increases in
uptake were observed as biomass size of Pseudomonas cells increased from 1mg to 20mg as shown in Fig.2a.
20mg of the isolate accumulated 0.07, 0.802, 2.43 and 2.405 (mg/l) of Fe at concentration of 0.1, 1.0, 10 and
100 (mg/l) respectively. Where as at same initial concentration, uptake by 1mg of the isolate were 0.01, 0.1,
0.64 and 0.64 (mg/l) respectively. At the respective initial concentration, the correlations between uptake and
biomass size were 0.8945, 0.9113, 0.9461 and 0.9468. 



347Adv. in Nat. Appl. Sci., 3(3): 339-349, 2009

Fig. 6: Effect of biomass concentration on the uptake of various heavy metals by Pseudomonas sp 
Fig. 6a: Fe
Fig. 6b: Zn
Fig. 6c: Cd
Fig. 6d: CU
Fig. 6e: Ni
Fig. 6f: Pb

Discussion

The effect of culture age on the metal accumulating abilities of the isolates showed that Bacillus sp
accumulated the most at culture ages ranging between 24hours and 48hours. Reduction in uptake observed with
older cultures may be attributable to the spore-forming ability of the isolate. Perhaps, the process of spore
formation that possibly had occurred or at least been initiated in 72 -96 hours old cultures might have impeded
the metabolism dependent uptake process. Since correlation values between uptake and Bacillus age were
negative, further studies were done with 24hours old cultures. On the otherhand, uptake by Pseudomonas and
Aeromonas showed strong positive correlations with age. Optimum uptake under tested conditions was by
72hours old cultures. Increasing uptake patterns with significant differences at 95% confidence limit were
observed in these isolates as their ages increased up to 72hours. These results indicate that the age of the
organism is an important factor that can influence metal uptake rate. It is probable that older cultures of non-
spore formers may be more resistant to the toxic action of the heavy metals and as such are able to accumulate
higher concentrations of the respective metal. This is supported by by Kusui (2000) that stated that younger
cultures are more sensitive to the toxicity of various toxicants. 
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In addition to the use of appropriate culture age of the organism in enhancing bioaccumulation capacity,
the concentration of biomass in solution seemed to influence the overall uptake. Scott et al., (1986) and Gadd,
(1988), suggested that an increase in biomass concentration leads to interference between the binding sites and
as a result reduces the metal specific uptake. However, in 1992, Fourest and Roux, invalidated this hypothesis
attributing the responsibility of the specific uptake decrease to metal concentration shortage in solution. They
observed a reduction in Zn uptake by Rhizopus arrhizus with increasing biomass concentration, which was
attributed to an insufficiency of metal ions with respect to available binding sites. Puranik and Pakniker, 1999
stated that, decreases in specific uptake by increased biomass may be due to decreased metal to biosorbent
ratio. The results of this study supports this observation as all the test isolates showed a similar pattern in
accumulating significantly higher amounts of the respective metals at all tested initial concentrations as the
sizes of the respective biomass was increased. (Fig.4a to 6f). The specific uptake (data not shown) gave a
corresponding decrease with increases in biomass concentration. Similar observations, were reported by other
workers (Al-Asheh and Duvnjak, 1995, Sampedro et al., 1995 and Al Garni, 2005).

With the exception of Ni and Zn accumulation, the Gram-negative organisms had a higher metal
accumulation capacity than the Gram-positive isolate. This may be due to the cell wall structural differences.
Gourdon et al., 1990, showed that the cell wall structure plays an important role in adsorption of heavy metals.
This will ultimately affect the bioaccumulation process being that it comprises of two steps. First a metabolism
independent binding step, where the metals are bound to the cell walls and second, metabolism dependent
intracellular uptake whereby metal ions are transported across the cell membrane (Gadd, 1988, Coasta et al.,
1990 and Gourdon et al., 1990). The presence of active groups or metal binding sites such as carboxyl,
sulphuryl, phosphoryl and amino groups in the lip polysaccharide component of the gram negative isolates
might be responsible for the higher efficiencies noticed. Churchill et al., (1995) used two Gram negative strains
Escherichia coli K-12 and Pseudomonas aeruginosa and a gram positive strain Micrococcus luteus to
demonstrate the biosorption of copper, chromium, cobalt and nickel. Their sorption binding constant suggested
that E. coli cells were more efficient at binding Cu, Cr and Ni and M. luteus sorbed cobalt most efficiently.
Also, Kaewehai and Prasertson (2002), demonstrated that Enterobacter agglomerrans SM 38 a Gram negative
strain had a high efficiency in accumulating Cd than two Gram positive strains- Bacillus substilis SM 29 and
B. substilis WD 90. Nevertheless, it has also been reported that Gram-positive bacteria had a higher cadmium
biosorption capacity than Gram-negative bacteria. According to Beveridge (1989), teichoic acid in the cell walls
of Gram-positive bacteria had very high potentials as chemosorption sites. The result obtained in this study
therefore shows that this phenomenon does not imply that all Gram-positive bacteria would accumulate heavy
metals higher than Gram-negative bacteria. 

Conclusion

The study identified two factors influencing heavy metal accumulation by Bacillus, Pseudomonas and
Aeromonas   It showed that the culture age (of 24-48h for Bacillus and 72h for both Pseudomonas and
Aeromonas) and very high concentrations of biomass had significant influences on improving the
bioconcentration capabilities of these isolates under the test conditions. Thus in a waste stream or aquatic
system containing non toxic concentrations of heavy metals (Fe, Zn, Cu, Cd, Pb and Ni) high biomass
concentrations (dependent on the bacteria and the heavy metal) and exposure of 24h culture of Bacillus or a
72h cultures of Aeromonas or Pseudomonas would promote bioaccumulation these heavy metals. 
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