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ABSTRACT
Water is important for all the living things but nowdays, it has been polluted with inorganic
contaminants which are discharged from industries.Manganese in drinking water is highly toxic to
the living things and environment. Micro based technologies provides an alternative means to treat
manganese and recover metal  for economic reasons or environmental protection. The capacity of
Bacillus circulans, isolated from industrial effluent to grow and concentrate metal from the different
concentrations of  Manganese (0.2 mM—6.0 mM) containing medium was studied. Well defined
growth of  Bacillus circulans was observed in the medium containing (0.2 mM -5.0 mM) manganese.
The maximum uptake of manganese was observed in the cells grown with 4.0 mM concentration and
further increase in the metal concentration was found to decrease its uptake.
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INTRODUCTION
The anthropogenic sources of environmental
manganese include municipal waste water
discharges, sewage sludge, mining, industrial
effluents and combustion of fossil fuels.
Manganese from these sources enter  into ground
water and into  drinking water. Manganese in
drinking water is highly toxic to living things if
they exceed the limit.The safe drinking water act
(SDWA) secondary standards for manganese in
drinking water is 0.05 ppm.Manganese is sparing
solubility in water and has ecotoxic influences on
humans.1-3 Manganese in drinking water causes
pipe clogging, bad taste and water look brown.
Physical and chemical methods have been
proposed for the removal of manganese but
biological process is a good alternative to treat
manganese in drinking water than the
conventional process.

Microorganisms like bacteria, fungi, algae and
yeast are known to tolerate and accumulate heavy
metals.4,5 The advantages of biological process
are no chemical usage, low operation and
maintainance cost.6

AIMS   AND  OBJECTIVES
The aim of the present study is to explain the
biological process for treatment of water bodies
polluted by the manganese. To the best of our
knowledge the manganese accumulation by
Bacillus circulans is not reported so far.

MATERIAL    AND   METHODS
Isolation of bacteria : The effluent samples were
collected under aseptic conditions in  sterilized
bottles from Bee Pee Coating Pvt.Ltd.,Gujarat.
The samples were brought in the ice containing
chamber and analyzed within  24 hours  of
collection.  0.2 ml of effluent sample was  spread
over the surface of the  sterilized , Bromfield*Author for correspondence
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medium7 containing 0.17mM manganese and
incubated at 370C for 48 hours.  The well defined
isolated colonies were picked up on the basis of
colony morphological characteristics and
transferred to  nutrient agar and preserved at 40C
in a refrigerator. The sample was sent to institute
of  Microbial Technology, India for indentification.
Screening of manganese bacteria Different
concentration of Manganese Sulphate
(Mn So47H20) (0.2mM, 0.4mM ,..…, 6.0 mM)
were  added to  nutrient agar medium for
screening  of bacterial isolate for their capacity
to resist and grow. The sterilized  nutrient agar
containing different concentration of manganese
was  transferred to  petriplates under  aseptic
condition, 0.2 ml of bacterial suspension (with
90%  transmittance of 660 nm) was spread on
agar medium and incubated at 370C for 24 to 72

hours.

Growth kinetics of manganese bacteria
Nutrient  broth with or without different
concentrations of manganese was inoculated with
0.2ml of manganese resistant bacterial suspension
(with 90%  transmittance at 660 nm).  Growth
curves were  obtained using optical density at 660
nm measurements.

Estimation of manganese by atomic
absorption spectroscopy  Bacillus circulans
grown in different concentration of metal were
harvested during stationary phase by high speed
centrifugation (10,000g x 30 min).  The cell pellet
was washed 2 – 3 times with N saline to remove
the adhered metal ions and digested with acid
mixture and was used for metal estimation8 by
Atomic Absorption Spectrophotometry.

   Manganese                       Colony observation after incubation of
concentration 24 hours 48 hours 72 hours 96 hours 120 hours
        mM
        0.0 +++++ +++++ +++++ +++++ +++++

        0.2 +++++ +++++ +++++ +++++ +++++

        0.4 +++++ +++++ +++++ +++++ +++++

        0.6 +++++ +++++ +++++ +++++ +++++

        0.8 +++++ +++++ +++++ +++++ +++++

        1.0 +++++ +++++ +++++ +++++ +++++

        2.0 +++++ +++++ +++++ +++++ +++++

        3.0 +++++ +++++ +++++ +++++ +++++

        4.0 +++++ +++++ +++++ +++++ +++++

        5.0 +++ +++ +++ +++ +++

        6.0 + + + + +

Table  1 : Capacity and  resistance of Bacillus circulans to grow on equimolar
concentrations of manganese

RESULTS   AND   DISCUSSION
Manganese adapted bacteria isolated from the
effluent  of paint industry was  found to be the
Bacillus circulans.  As  shown  on Table 1  the
well defined colonies of manganese resistant
bacteria were observed after 24 hours of
incubation only in 0.2 mM  to 6.0 mM
concentration of manganese, whereas with 5.0

mM concentration and above less growth was
observed after 24 hours of incubation. This
indicates that after a certain   saturation level the
heavy metal becomes  toxic to the organism and
thus colony formation was decreased.

The growth rate of Bacillus circulans exposed
to different  concentrations of manganese was
decreased with  increasing concentration of
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metals,9 also pointed out that the growth rate of
copper resistant isolates  exposed to  Copper
sulphate concentration in the 50 –250 mg/L range
was decreased  after addition of 250 mg/L copper
concentration.
As shown in Fig 1,  increasing the concentration
of manganese has appeared to increase the lag
phase.  In comparison with the cells grown in
metal free medium these was a two fold increase

in the lag phase in the  cells grown in manganese
containing medium. The findings are in
accordance with other researchers work  on a
variety of heavy metals  with different
microorganisms.11 Manganese bacteria growing
in low concentration of manganese showed
increased lag phase as compared to high
concentration of manganese.  The culture  showed
considerable inhibition of growth compared to

Fig. 1 : Growth  kinetics of Bacillus circulans in absence and in presence of various concentrations
(0.2 mM-6.0 mM) of manganese

manganese  free controls.  This view was
supported  by12  in the studies of cadmium
accumulation by a Citrobacter species.
The bacterial uptake of manganese was  estimated
from the atomic  absorption spectrophotometer
studies. As can be seen from the data, the metal
uptake by the bacterial pellet grown  in control is
less compared, to the bacteria grown in the metal
solution maximum accumulation of manganese
was observed in 4.0 mM concentration.  Further
increase in metal concentration showed decreased
accumulation.  The possibility cannot be ruled out
that the bacteria adopt itself to survive high
concentration of metals by decreasing metal
transport into the cells.

In present study (Fig. 2) it was observed that
increased  manganese concentration from
0.2-5.0mM Mn/L resulted in an increased metal
uptake by Bacillus circulans. Similar results were
observed in H.Solani adsorption of manganese.13

The cells grown  in high concentration of
manganese accumulated more   manganese into
the cells than the cells grown in low concentration
of manganese.14 also reported that manganese
concentration have effect on biosorption process,
and high concentration resulting in high manganese
uptake by biosorbents. But the cells grown in 5.0
mM concentration of manganese accumulated
less manganese. This suggests that the cells grown
in high metal concentration accumulated less
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metal into the cells in order to survive in this
environment. Even in the nickel uptake by NiRBI
the metal absorption was increased upto 2.5 mM
concentration and after wards the Ni uptake into
the cells was decreased.15  A similar relationship
between concentration and bioremoval was
reported for heavy metals by.16  The maximum
manganese accumulation was found to be
19.96 ug/mg of biomass.
The manganese uptake by HAH1 strain is 13.31
mg Mn 2+ / g biomass.17

CONCLUSION
 The work communicated here is an effective eco
friendly approach for the removal of manganese
from drinking water and industrial effluents by
Bacillus circulans.
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