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Abstract

In this study, the efficiency of the biofilm formed by the two bacterial isolates Leuconostoc mesentroides and Lactobacillus casei were
measured separately in the removal of lead from aqueous solutions, and the effect of temperature, contact time and the concentration of lead
in the solution on the process of removal by the biofilm were studied .Maximum removal rate of lead were measured at contact time 2 hrs.
for Leuconostoc mesentroides and 4hrs. for Lactobacillus casei at 25°C ,10mg\L and 14 days incubation time to form the biofilm, then the
biofilm formed by the bacterial isolates can be hyper- bioremediator and reduced the lead pollution. The aims of this research is to obtain the
highest removal rate of the lead from aqueous solutions, and the possibility of applying this technique in laboratory biofilter.
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Introduction

Pollution could be defined as the destruction of the
natural purity of the living or non-living habitat by many
factors like the addition of undesirable material transmitted
through the air, water or soil into the environment as a result
of human and natural activities which might cause a serious
threat to both life and environment (Shrivastava, 2008).

Water pollution is a worldwide issue and one of the
most serious environmental problems. It is defined as the
addition of materials to the agqueous environment into a levels
where harmful effects to the human health, other living
sources and the ecosystem as well (Fereidoun et al., 2007).

Water quality is just as important as water quantity for
satisfying basic human and environmental needs, yet it has
received far less investment, scientific support and public
attention in recent decades, even though the two issues are
closely linked (Biswas and Tortajada, 2011).

Over the last few years, the contamination level of
heavy metals in water ways and soils have increased at an
alarming rate, and as a consequence, concentrations of toxic
metals in vegetables and grains have increased. This poses a
significant threat to humans, other living organisms and the
environment (Khan et al., 2015)

Lead (1) is heavy metal poison which forms complexes
with Oxo groups in enzymes to affect virtually all steps in the
process of hemoglobin synthesis and prophyrin metabolism.
(Ademorati, 1996).

The main sources of human exposure to lead include
the uses of leaded gasoline, industrial sources such as lead
mining, smelting and coal combustion, the use of lead-based
paint and lead containing pipes in water supply systems.
According to the World Health Organization, the accepted
range of ( Pb) in water is (0.01 ppm) (Okoye et al., 2010).

Lead is one of the very dangerous heavy metals, which
causes many dysfunctions in all human beings. In children,
excess amounts of this metal, would probably lead to a
decrease in their intelligence quotient (1Q) score, and an
impairment of learning, hearing, physical growth, the
circulating system, the reproductive system, nervous system
especially the brain, kidney functions and some mental

disease such as dementia, depression, madness, as well as
problems in metabolism system, deficiency of vitamin D,
also increasing level of this toxic metal may lead to death
(Okoro et al., 2007).

In view of all the damage caused by heavy metals
pollution to the environment in general and to human health
in particular , effective treatment methods had to be found to
eliminate or reduce the risk of heavy metals harmful
concentrations in the ecosystem, so the scientists went to
experiment and development the biological treatments
because of their advanced characteristics comparing with the
physical and chemical methods, these features include high
efficiency of removal at extreme concentrations, low power
consumption and low coast (Halttunen et al., 2007).

One of the vital methods that used in the
decontamination of heavy metals from aquatic environments
is the use of biofilms formed from different microorganisms
such as some algae, yeasts and bacteria and attempt to study
and develop the factors that affect the processing of
biological treatments using the biofilm (Moga et al., 2018).

Biofilm is a community of microorganisms that
develops in moist environments. The organic and inorganic
materials that comprise a biofilm can range from decaying
products in wastewater, to the millions of species of
microorganisms in a lake (Deibel et al., 2003)

Biofilms have the ability to grow on natural materials
above and below ground on metals, plastics, medical implant
materials, and plant and body tissue. Over time, a biofilm in
the appropriate environment will grow and become strongly
attached to the surface it lives on (Deibel et al., 2003).

The biofilm matrix provides bacteria with a physical
barrier against toxic compounds, it is also provides protection
against many environmental stresses including U.V. radiation
and pH changes (Zaidi, 2011).

Materials and Methods
Activation of bacterial isolates

The bacteria isolates were activated by cultivation in
sterilized tubes contains (10 ml) of MRS broth media and
incubated at 37°C for 48 h.
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Preparation of bacterial cultures to forming biofilms:

The flasks were cultivated with 2% of the bacterial
isolates at sterilized conditions, each (1ml) contains (10°
CFU) and incubated at (37°C) for (14 days) to forming the
biofilm.

The plastic biofilm carrier:

It was used as a hard surface to attached by bacterial
cells to form the biofilm (Mcquarrie and Boltz, 2011).

It is made from plastic named (Active cell 450) 15mm
depth and 22mm diameter. It was obtained from the Ministry
of Science and Technology.

Before using it was soaked with deionized water
overnight.

Used by immersing about 50 pieces (18 gm.) in 100 ml
of MRS broth in each flask in this study.

The flasks sterilized by autoclave at 121°C (15
Ibs./inch? pressure)for 15 min.

Lead nitrate Pb(NOs),: Manufactured by (Merck/
Germany) used as a lead source with concentration of
(1000mg\L ) as a stock solution to prepare the different
concentrations that used in this study .

Determination of residual concentration of lead:

It has been taken about (8-10 ml) from each flask and it
was purifying by Millipore filter (0.45um) for measuring the
residual concentration of heavy metals with Atomic
absorption spectrophotometer.

The percentage of removal is calculated according the
equation below:

The percentage of removal=[ concentration of metal
before removing - con. After removing /con. Before
removing] * 100%

Medium ingredient's effect in lead removal:

For the possibility of removing heavy metals by MRS
broth media components. A flask was prepared contained
100 ml of MRS broth, lead was added to the flask and the test
was done by Atomic spectrophotometer.

Studying the optimum conditions for lead removal:

To determine the optimum conditions for the removal
of heavy metals by the bacterial isolates (Lactobacillus casei
and Leuconostoc mesenteroides) included contact time,
temperature and heavy metal concentration,

Contact time:

The lead was added at a concentration of (10mg\L) at
different contact times (2, 4, 8, 16 and 24 hrs.).

Temperature:

The lead was added at a concentration of (10mg\L) at
different temperatures (15, 25, 35, and 45) °C .

Heavy metals concentration:

Different concentrations of lead have been taken (10,
20, 50, 75 and100) mg\L.

Expanding the removal of lead(Biofilter experiment):

The combined bacterial culture had been used to study
the ability of expanding heavy metal removal and apply the
removal process by making a biofilter, where a 2litter glass

column containing (1500 ml.) of MRS broth was used in the
experiment, with the addition of the plastic biofilm carrier to
the column and 2% of the bacterial cultivation ,and then the
incubation was done at 37°C for 14 days, after the end of
incubation time the lead has been added at a concentration of
10mg\L under the optimum removal conditions and the
removal ratio was measured by the atomic absorption
spectrophotometer.

Results and Discussion

Effect of cultivation media components in the removal
process:

To ensure that the removal processes in the different
experiments in this study are due to the biofilm used for the
biological treatment and to determine the possibility of
holding lead by the components of MRS broth media, this
experiment was conducted.

The results showed that the percentage of lead removal
by MRS broth components was (0.01%), the percentage did
not affect the results of the biological treatments by using the
biofilm in the experiments of this study.

The optimum conditions of lead removal:

In order to obtain the highest efficiency of the biofilm
in the removal of lead, it is necessary to study some of the
conditions that affecting in this process.

Contact time:

The contact time between the ions of lead to be
removed and the biofilm is considered as an important factor
in determining the efficiency of the removal of the heavy
metals ions.

The figure (1) shows the results that obtained from
testing different contact times (2, 4, 8, 16 and 24) hrs. The
removal rate for the isolation Lactobacillus casei for lead
were (90%, 100%, 92%, 87% and 85%) respectively, and the
results for the isolation Leuconostoc mesenteroedes were
(99%, 81%, 78%, 69%and 64%) respectively.

Thus the best contact time is 4hrs. for the isolation
Lactobacillus casei and 2hrs. for isolation Leuconostoc
mesenteroedes, Sabae et al.(2016) mentioned that the contact
time is an important factor affecting the process of adsorption
heavy metals and the removal ratios reached their highest
levels at the beginning of the contact time, while Monachese
(2012) found that the contact time of 5hrs. for Lactobacillus
was effective to remove lead from metal solutions.

As well Halttunen (2007) pointed out that the local
isolation is better in the removal of metals than the
lyophilized isolation, because of the possibility of damage to
the cell wall in the peptidoglycan, resulting weak removal of
metals such as iron.

The differences in the structural nature and the
proportion of the components of the two biofilms that formed
from the bacterial isolates is the reason of the difference in
the optimum contact time (Kirillova et al., 2017).

Tunali et al. (2006) explained the stability of the
removal at a certain point is due to the lack of additional
binding sites on the surface of the cells, no matter how long
the contact time is.
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Fig. 1 : Effect of different contact times on lead removal
ratio by the biofilm formed from the bacterial isolates

Temperature

The figure (2) showed the results obtained from
conducting lead removal experiment after the optimum
conditions for previous experiment were established, at a
range of temperature (15, 25, 35 and 45)°C. This range has
been chosen to comply with the overall maximum
temperature during the year in Iraq.

The biofilm of the two bacterial isolates showed the
highest removal rates for lead at 25°C.

The removal ratio of lead by bacterial isolation
Lactobacillus casei were (60%, 100%, 55% and 36%)
respectively .While the isolation Leuconostoc mesenteroedes
the ratio of lead removal were (48% , 99% , 52% , 40% )
respectively.

The effect of temperature variation is evident in the
results of the experiment, which showed that the optimum
temperature of removal is 25°C for the both isolates and this
is consistent with Ozturk et al. (2004) they mentioned that
the optimum temperature for nickel removal is 25°C.

The relative increase in temperature leads to damage to
the sites of binding of the metal ions with the surfaces of the
biofilms, and opening polysaccharides sites leading to poor
link between them (Ozer and Ozer, 2003).

Congeevaram et al. (2007) pointed that the temperature
of the medium of removal is necessary for the energy on
which the mechanism of heavy metals removal by the
microorganisms based on, as the temperature affects the
stability and the shape of the cell wall in addition to its
impact in the ionization status, and these factors may affect
the binding sites of different bacterial species, leading to
reduction in the removal of heavy metals.
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Fig. 2 : Effect of temperature in lead removal efficiency by
the biofilm formed from two bacterial isolates(L.C andL.M1)
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Heavy metal concentration:

Different concentrations of lead were used in this
experiment (10, 20, 50, 75, and 100 mg\L) , to study the
effect of these concentrations on the efficiency of the
removal process by the biofilm.

The figure (3) showed a reduction in the removal
efficiency by increasing the concentration of lead.

The removal ratios of isolation Lactobacillus casei for
lead were (100%, 93%, 82%, 70% and 58%) respectively ,
and for isolation Leuconostoc mesenteroedes the removal
ratio of lead were( 99%, 89%, 76%, 65% and52%)
respectively

It is clear that the highest removal rate by the two
bacterial isolates for lead and nickel is at (10mg\L) and this
corresponds to what Yee and Fein, (2003) and Ibrahim et al.
(2006) mentioned and confirmed that the binding of
Lactobacillus bacteria with heavy metals depends on the type
and concentration of the metal ,also depends on the bacterial
strain and its resistance to the metal itself .

The reduction in the removal ratio is due to the
insufficient binding sites of the metal ions with the biofilm to
complete the removal process, the higher the concentration of
the element , the greater the competition for binding to the
link sites in the biofilm, therefore the relationship is inverse
between the concentration of the element and the rate of the
heavy metal removal from the media (Elsanhoty et al., 2016).
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Fig. 3 : Effect of different concentrations of lead in the
removal efficiency of the biofilm

Lead removing under the optimum conditions:

The removal experiment was performed under
conditions that obtained from previous experiments, the
bacterial isolates were incubated for l4days to form the
biofilm, and the lead added at a concentration of 10mg/L at
25°C and 2 hrs. contact time for the isolation Leuconostoc
mesenteroedes and 4hrs. for the isolation Lactobacillus casei

The removal rates ranged about (99-100%). It was
observed that the biofilm that formed from the above two
bacterial isolates is efficient in removing lead.

Expanding the removal process (Biofiltration):

An experiment was conducted by using a biofilter from
the combination of two bacterial isolates Lactobacillus casei
and Leuconostoc mesenteroedes in the form of a glass
column, containing the MRS broth media and the biofilm that
formed by the growth of the two bacterial isolates above, the
lead added at a concentration of (10mg/L) under the optimum
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conditions from the previous experiments, the removal rate
was (90%).

The reduction in the removal ratio compared with the
individual bacterial cultures (the removal rate 99-100%) is
due to the variation in the contact time between the two
bacterial isolates, in this experiment an average of 3 hrs. of
contact time was adopted, so it may be the reason for the
relatively low lead removal rate (Elsanhoty et al., 2016).

The ease and efficiency of using the initial design of the
biofilter was observed in this experiment, where the heavy
metal ions pass the layers of the biofilm on the same moving
beds bioreactors (MBBR) way, after entering the samples
that contaminated with heavy metal from the top of the glass
column, then extracted after the biofiltration process is done
from the bottom of the column, as shown in figure (4).

In the case of design a field biofilter, the flow of
polluted samples can be considered as in this experiment.

Fig. 4 : The experiment of biofilter in the laboratory
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