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Abstract The Chromium (Cr) uptake ability of
Cr-resistant bacterium Bacillus thuringiensis, yeast Can-
dida etschellsii, and a protozoan Stylonychia mytilus,
isolated from industrial waste water, was evaluated indi-
vidually and in different combinations. It was found that
the three types of microorganisms grown together in a
culture medium could collectively uptake 90% of Cr®"
from the culture medium as against 82% by bacte-
rium + protozoan or yeast + protozoan combined culture,
each. Consortium of bacterium, yeast and ciliates therefore
could make much more efficient inoculum for remediation
of Cr-contaminated industrial waste water.

Keywords Metal uptake - Bioremediation -
Hexavalent chromium - Industrial waste water

Chromium (Cr) occurs naturally at trace levels in most
soils and water, but disposal of industrial waste and sewage
sludge containing Cr compounds has created a number of
contaminated sites, which could pose a major environ-
mental threat. Cr primarily exists as a soluble, highly toxic
Cr°" anion as against its reduced form Cr>*, which is less
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soluble and less toxic. Reduction/oxidation reactions
between the two states are thermodynamically possible
under physiological conditions (Arias and Tebo 2003) and
hence reduction of Cr®" to Cr’" is potentially useful for
remediation of Cr®"-affected environments (Michel et al.
2001).

Conventional methods for removing toxic Cr include
chemical reduction followed by precipitation, ion
exchange, and adsorption on activated coal, alum, kaolin-
ite, and ash. However, most of these methods require high
energy or large quantities of chemical reagents (Komori
et al. 1990). Several bacteria possess the ability to convert
chromate to Cr’* (Camargo et al. 2003; Francis et al.
2000). Microbial reduction of toxic Cr®" has practical
importance, because biological strategies provide green
technology that is cost-effective (Ganguli and Tripathi
2002). Cr resistance and bioaccumulation has been studied
in bacteria (Shakoori et al. 1999, 2000), algae (Rehman and
Shakoori 2001, 2003) and protozoan (Haq et al. 2000;
Shakoori et al. 2004). Twenty Cr-resistant yeast strains
isolated from industrial effluents have been shown to tol-
erate high concentrations of Cr®", and the strain CMBLY3
and CMBLY4 have been shown to reduce 97% of Cr®"
from the ambient medium after 96 h of incubation (Dar and
Shakoori 1999). A ciliate, Vorticella microstoma, has been
reported to tolerate Cr®" at a concentration of 260 pg/mL,
and has the ability to reduce 48% of Cr°" after 192 h in a
culture medium containing 100 pg/mL of Cr®". Frequent
occurrence of ciliates in wastewater or industrial effluents
indicates that they are able to withstand the heavy metal
contaminated environment. This property makes protozoa
excellent candidate for exploitation in metal detoxification
and bioremediation (Haq et al. 2000; Shakoori et al. 2004).

In an ecosystem of industrial wastewater, a variety
of microorganisms including bacteria, yeast, algae,
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protozoans etc. thrive in the contaminated water, as they
have developed strategies to resist, tolerate, metabolize and
detoxify these substances (Shi et al. 2002). Different
mechanisms involved in processing heavy metals can be
exploited to decontaminate the waste water bodies.

This paper deals with evaluation of Cr-resistant bacteria,
yeast and protozoa alone and in combination for decon-
tamination of wastewater of Cr®", a strategy which could
be adopted for remediation of industrial waste water.

Materials and Methods

Water samples of the industrial effluents from ponds get-
ting wastes of tanneries in Kasur (Pakistan) were collected
in sterilized screw capped glass bottles. Physical parame-
ters of wastewater viz., pH and temperature were also
recoded. A large number of bacteria, yeast and protozoa
were present in the wastewater.

Luria Bertani agar medium (1% NaCl, 1% tryptone,
0.5% yeast extract and 1.5% agar) was used for the growth
of bacteria. YEPD medium (1% yeast extract, 0.5% pep-
tone, 0.2% glucose and 1.5% agar) was used for the growth
of yeast. Bold basal medium [NaNOs; (0.250 g/L),
CaCl, - 2H,0 (0.0250 g/L), MgSO, - 7H,O (0.0750 g/L),
K,HPO, (0.075 g/L), KH,PO, (0.175 g/L), NaCl (0.025 g/
L), EDTA (0.050 g/L), KOH (0.031 g/L), FeSO, - 7TH,O
(0.0498 g/L), H,SO4 (0.001 ml/L), H3PO3 (0.01142 g/L),
ZnSO, - TH,0 (0.00881 g/L), MnCl, - 4H,O (0.00144 g/
L), MoO; (0.00071 g/L) CuSO4.5H,0 (0.00157 g/L) and
Co(NO3), - 6H,O (0.00049 g/L)], diluted 1:1,000 with
distilled water was used for culturing protozoa (Shakoori
et al. 2004).

Several biochemical tests, besides Gram's staining such
as catalase, Voges Proskauer, citrate utilization, nitrate
reduction, tyrosine decomposition, casein and starch
hydrolyse, growth on media containing 7% NaCl, Sabou-
raud Dextrose agar and 0.001% lysozyme, and acid
production from glucose were performed for identification
of bacteria. Sporulation, formation of mycelium, carbon
assimilation, acid production from different sugars, growth
on 5% glucose and 10% NaCl containing medium, starch
hydrolysis and ester production, Diazonium blue B and
urease tests were used for identification of yeast (Cheesb-
rough, 1993; Collee et al. 1989). Ciliates were identified on
the basis of their shape and size (Edmondson 1966; Curds
et al. 1983).

The effect of Cr on the growth of bacteria and yeast was
determined by counting the number of cells in the medium.
Bacterial, yeast and protozoan cells were grown in their
respective media with 100 pg/mL of Cr®" at 37°C for 48 h.
Aliquots (2 mL) of incubated culture were taken out every
hour for 48 h and the extent of growth was determined by
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0.D. The growth was compared with that of control cul-
ture, which contained no added Cr ions.

Metal processing ability of microorganisms was
checked in single and in different combinations, such as
bacteria + yeast, yeast + protozoa, bacteria + protozoa,
and bacteria 4 yeast 4 protozoa. For determination of
metal processing ability the calculated amount of bacteria
and yeast cells (bacteria 10 x 107 cells/mL and yeast
10 x 10° cells/mL), yeast and protozoan (10 x 10° cells/
mL of yeast and 10 x 10% cells/mL of protozoa), bacteria
and protozoan (10 x 10” cells/mL  of bacteria and
10 x 10° cells/mL of protozoa), bacteria, yeast and pro-
tozoa (bacteria 10 x 10° cells/mL, yeast 10 x 10° cells/
mL and protozoa 10 x 10° cells/mL) were added in water
having glucose as a carbon source containing 100 pg/mL
of Cr®" and grown at optimum pH and temperature in
culture flasks. A control was also run having 100 pg/mL of
Cr°" but without microorganisms. The samples to be used
for estimation of Cr®" were taken out after 0, 12, 24 and
48 h, centrifuged at 3,000 rpm for 15 min to spin down the
cells, and the supernatant was used to estimate Cr with the
help of AA1275 atomic absorption spectrophotometer at
wave length 357.9 nm. A graph was plotted between the
time interval and the concentration of Cr®™.

All observations were made and estimations done in
triplicate. At least three flasks were maintained, each for
control and metal treatment. The average of control and
experimental groups were compared and significant dif-
ferences evaluated by using Student’s “t” test of
significance.

Results and Discussion

Chromium resistant bacterium, yeast and ciliate were iso-
lated from the wastewater samples. The temperature of the
wastewater harboring the microorganisms was 30°C and
pH was 8.6. On the basis of physical and biochemical
characterization bacterium was identified as B. thuringi-
ensis, yeast as Candida etchellsii and the ciliate as S.
mytilus.

Figure 1 shows the effect of Cr®" on the growth of
bacteria and yeast. It shows the characteristic phases during
the growth of culture. It is clearly indicated that microor-
ganisms without metal treatment (control) showed lag
phase of 1 h, and accelerated growth of 12-21 h during the
log phase. The microorganisms with Cr®" stress (treated),
however, showed lag phase of 4-6 h and log phase of 16—
18 h.

Figure 2a shows the ability of Cr®" resistant B. thurin-
giensis and C. etchellsii present together in the medium to
decrease 78% of Cr®" from the medium after 48 h of
incubation, whereas C. etchellsii and S. mytilus used
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Fig. 1 Growth curves of B. 8 -
thuringiensis and C. etchellsii in
Cr®" containing medium (solid
circles). Control cultures (open 6
circles) did not contain any
metal ions
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Fig. 2 The heavy metal
processing ability of
microorganisms used in
combination; a bacteria (B.
thuringiensis) and yeast (C.
etchellsii), b yeast (C. etchellsii)
and protozoa (S. mytilus), ¢
bacteria (B. thuringiensis) and
protozoa (S. mytilus), d bacteria
(B. thuringiensis), yeast (C.
etchellsii) and protozoa (S.
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simultaneously removed 82% Cr®" from the medium after
96 h of incubation (Fig. 2b). Figure 2c shows the ability of
Cr°" resistant B. thuringiensis and S. mytilus to reduce
Cr®" from the medium after 96 h of incubation. The three
categories of microorganisms when used simultaneously
removed 90% of Cr®* after 96 h of incubation (Fig. 24d).
Individual microorganisms were also used to determine
their efficiency to remove Cr®" from the medium. Bacteria
and yeast removed 82 and 80% of Cr, respectively, after
72 h of incubation. The protozoan alone removed 60% of
Cr after 96 h of incubation. In the case of combination of
organisms, bacteria and yeast removed 78% of metal after
48 h, yeast and protozoa 82%, bacteria and protozoa 82%,
and bacteria, yeast and protozoa 90% of after 96 h.
Several studies have reported improvements in metal
removal by immobilization of protozoa, yeast or bacterial

T 1 0 T T T 1
48 96 0 12 24 48 96

Time (Hours)

cells (Zeroual et al. 2001). Bacteria and yeast communities
are central to the functioning of terrestrial ecosystem and
consist of a large number of different bacterial and yeast
type (O-Muter et al. 2002; Boenigk and Arndt 2000).
Remediation of sites contaminated with heavy metals is a
complex problem (Sandrin et al. 2000). Bioremediation can
be effective where environmental conditions permit
microbial growth and activity (Vidali 2001). Microorgan-
isms have important role in biogeochemical cycling of
toxic metals (Lloyd and Lovley 2001).

It was observed that protozoa may not be important in
large scale processing of wastes containing heavy metals,
but they share the capability of resisting this toxic metal
ion with other microorganisms like bacteria and yeast.
Mixed culture is considered to be important in an ecosys-
tem due to cooperative actions. It would not be advisable to
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use a pure culture of a microorganism due to disturbances
in population structures in an ecosystem.
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