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Synergistic Removal of Cr (VI) by Eichornia crassipes in Conjunction with Bacterial Strains
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Abstract: Two chromium resistant bacterial strains i.e. Bacillus sp. 86 and Staphylococcus sp. CrM-3 were used

in conjunction with Eichornia crassipes to study the effect of chromate removal from chromium contaminated

waste waters. Bacterial strains resulted in reduced uptake of chromate into inoculated plants, which was 17.24
and 11.29% with 86 and CrM-3 respectively, at an initial Cr (V) concentration of 100 pg m1™ as compared to
nen-inoculated control plants. Different heavy metals (CuSO,, NiSO,, MnCl, and Pb (NO,) ,) at a concentration
of 100 pg m1™ were added in chromate-supplemented solution to check their effects on chromate uptake by the
plants. At different chromate concentrations the uptake of Cr (VI) mnto the plants was 28.73, 5.38, 7.15,12.29 and
15.35% less at an initial Cr (VT) concentration of 100, 300, 500, 1000 and 2000 pg m1™" in comparison to metal free
condition. Cr (V1) uptake by the Eichornia crassipes was occurred at different pH tested, but maximum uptake
was observed at pH 5. Nevertheless the bacterial strains caused some decrease in chromate uptake mto the

plants but the combined effect of plants and bacterial strains conduce more removal of Cr (V1) from the solution.
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Introduction

Heavy metals pollution represents a serious threat for the
swvival of living biota and the physico-chemical nature
of the environment. Water is a natural and preferred sink
for the contamination and its pollution becomes an
umportant concern for human health. Different methods
were devised for the wastewater treatment such as
biological as well as chemical reduction of most toxic
forms of heavy metals. Biological wastewater treatment
particularly relays on microorgamsms and plants.
Phytoremediation of heavy metals by non-food crops
could be a reliable source in controlling the heavy metals
contents of agriculture soils and industrial wastes (Rossi
etal., 1999).

Chromium is an industrially important metal and is
considered to be quite toxic to human via oral exposure,
causing kidney mjury and lung cancer (Gibb et al., 2000,
Ewis et al., 2001; Proctor et al., 2002). It enters into the
water through electroplating factories, leather tanneries
and textile manufacturing facilities. Chromium occurs in
oxidation states ranges from Cr” to Cr™ but Cr” and Cr™
are most abundant forms and are of biologically
significance. Cr (TTT) is less toxic and less mobile while Cr
(VT) is most toxic (Zhang et al., 2001), mutagenic (O'Brien
et al., 2001) and carcinogenic (Cabrera et al., 2001). It 1s
necessary to convert this toxic Cr (VI) to less mobile Cr
(TIT). Several bacterial strains are now known that reduced
toxic hexavalent chromium in to trivalent chromium (Puzon
et al., 2002; Ganguli and Tripathi, 2002). Besides these
some plants species accumulate hexavalent chromum in
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their tissues thus helps to remediate soils and wastewater
(Srivastava ef ai., 1999; Simon ef al., 2001). Plant assisted-
bioremediation, is an emerging field, in which plants roots
in conjunction with their rhizospheric microorganisms are
used to remediate polluted enviromment Some water
plants have great capacity to accumulate heavy metals
from the polluted water. Considering the high chromate
accumulating capability of Eichornia crassipes plants, the
present work was imtiated to evaluate the effects of
bacterial strains in conjunction with Eichornia crassipes
at different pH and heavy metals concentration on the
removal of Cr (VI) from aqueous solution.

Materials and Methods

Plant material: Eichornia crassipes plants were collected
from fresh water pound near G.T. road, Kamokee, Tahore,
that was not previously exposed to contamiated
environment. In laboratory prior to the experiument, plants
were maintained in a growth chamber and were supplied
with nutrient solution (Hewitt, 1963) at a temperature of
2542°C with a 12 h photoperiod (10 Klux). Equal sized
plants (12-15 cm) were selected for the experiment to
ensure the accuracy of the experimental results.

Two chromium resistant bacterial
strains 1.e. Bacillus sp. 36 and Staphylococcus sp. CrM-3
previously isolated from chromium contaminated soil and
water, respectively, were used in this study (unpublished
results). Both strains were able to tolerate high level of
chromate i.e. up te 50 mg ml™" of K,CrO, on nutrient agar

Bacterial strains:
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and 25 mg m1™" in nutrient broth. These strains also have
high capacity to accumulate and reduced Cr (V).
Generally bacterial strains were cultured in nutrient broth
(Gerhardt et al., 2000).

Cr (VI) uptake assay: Experiments were conducted by
exposing the Eichornia crassipes plants to the aqueous
solution contaiming different concentration i.e., 100, 300,
500, 1000 and 2000 ug m1™" of K,CrQ, in 250 ml beakers for
48 h. Tnoculum was given from freshly prepared overnight
cultures. One ml of bacterial suspension containing 108
cfuml™ was added in aquecus solutions at a ratio of 1:40
(v/v). As regards the bacterial inoculations, there were
four treatments i.e., control (without inoculum), S6, Cri-3
and S6+CrM-3 (mixed). Plants were placed in a growth
chamber for 12 h photoperiod with light mtensity of 10
Klux. After 48 h of exposure plants were harvested and
washed with distilled water twice to remove the loosely
bound or attached chromium to the roots and aerial parts.
Harvested plants were oven dried at 80°C for 24 h. For
determination of chromium contents, one-gram of dry
plant material of each treatment was processed for wet
digestion (Humphries, 1956). The amount of Cr (VI) left in
the solution and loosely bound or attached to plant roots
was also determined.

Effects of heavy metals: In order to analyze the effect of
different heavy metals on the chromate uptake by the
Eichornia crassipes plants in the presence of bacterial
strains, another experiment was designed. Different heavy
metals (CuSO,, NiSQO,, MnC,, and Pb (NO,),) each at a
concentration of 100 pg ml™ were added in chromate-
supplemented solution. Plants were exposed to these
solutions for 48 h. Bacterial moculum was given as
describe above. Plants were harvested, oven dried at 80°C
for 24 h and total chromium content were determined as
described above.

Effects of pH: The removal of Cr (V1) by Eichornia
crassipes was tested in the range of pH 3 to 11, under
both inoculated and controls conditions. The effects of
different pH were observed at an initial chromate
concentration of 500 pg ml ™.

Bacterial Cr (VI) reduction: Experiments were also
conducted to study the bacterial chromate reduction. At
the start of experiment 100 pl sample from each treatment
was taken and amount of Cr (VI) was determined. Plants
were grown in these solutions (100, 300, 500, 1000 and
2000 ug ml™" of K,Cr(),) with and without bacterial strains.
At the end of experiment, total amount of Cr (VI) left n
solution was also determined.
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The experiments were performed in triplicate and the
samples were analyzed in triplicate.

Results

Cr uptake: Under controlled conditions (without bacterial
inoculation) the uptake of Cr (VI) in the plants was
concentrations dependent. As the mmtial concentration
was 1ncreased, the amount of chromate uptake also
increased. Tt was observed that Eichornia crassipes could
easily tolerate Cr (V1) at a concentration of 2000 pg ml™
and no visible symptoms of Cr toxicity were observed
after 48 h of exposure. In the presence of bacterial strains,
the amount of chromate uptake into inoculated plants was
less 1.e., 17.24 and 11.29% reduction with S6 and CrM-3
respectively, at an imtial Cr (VI) concentration of 100 pg
ml™" as compared to non-inoculated control plants
(Fig. 1). This can be aftributed to the ability of these
strains to reduce Cr (V1) into Cr (TIT). Trivalent chromium
15 less permeable and less available to the plants root. In
thus way bacterial strains could limit the entry of chromate
into the plants. At the completion of experiment (after
48 h) amount of Cr (VT) was more in those plants that were
grown in the absence of bacterial strains. Both bacterial
strains used m this study reduced sigmficant amount of
Cr (VT) after 48 h in the presence of Eichornia crassipes.
In case where plants were exposed to the mixed culture
bacterial inoculation, maximum reduction of Cr (VI) into Cr
(1) oceurs which ultimately resulted in reduced uptake by
the plants in comparison to monoculture inoculation

(Fig. 1).

Effects of heavy metals on Cr uptake: Uptake of chromate
by Eichornia crassipes in the presence of different heavy
metals at concentration of 100 ug ml™' was also
investigated (Fig. 2). At different chromate concentrations
the uptake of Cr (VI) into the plants was 28.73, 5.38, 7.15,
12.29and 15.35% less at an initial Cr (V1) concentration of
100, 300, 500, 1000 and 2000 pg ml™ (Fig. 2) in comparison
to metal free condition (Fig. 1). Maximum retardation of Cr
(VD) uptake n the presence of different heavy metals was
observed at lower concentration especially at 100 ug ml™
of K,CrQ,. In case where bacterial inoculum was applied,
the retardation effect was less and 9.67, 13.25, 13.18, 4.09
and 5.23% decreases 1n this parameters were observed at
100, 300, 500, 1000 and 2000 pg ml™" initial Cr (V)
concentration in the presence of strain S6. This might be
attributed to the chelation effect or uptake of heavy
metals by the strains, thus lowering the effect of metals on
chromate uptake into the plants.

Effects of pH on Cr uptake: Cr (VI) uptake by the
Eichornia crassipes was occurred at different pH tested,
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Fig. 1. Uptake of Cr (VI) by Eichornia crassipes at different concentrations
of K0r(, in the presence of Bacterial strains after 48 h of exposure.
Symbols: P, Fichornia crassipes, Mixed, S6+Crv-3
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Fig. 2: Effect of different heavy metals on the uptake of Cr (VT) by plants
roots after 48 h in the presence of bacterial strains
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Fig. 3: Effect of different pH’s on the uptake of Cr (VI) by
the Eichormia crassipes

but maximum uptake was observed at pH 5 (Fig. 3). Under
alkaline pH the uptake of Cr (VI) was rendered and 22.38%
less chromate uptake was observed at pH 11 in
comparison to pH 5 (Fig. 3). Uptake percentage of Cr (VI)
was more at acidic to neutral pH, but as we increase the
pH from 5 onward it resulted in decreased uptake
capability of plants. At different pH, bacteral
inoculations, however, did not show a significant
influence on the Cr (V1) removal by Eichornia crassipes.

Effects of bacterial strains on Cr uptake: [n contrast to
control, experiment in the presence of bacterial strains i.e.
Bacillus sp. 36 and Staphylococcus sp. CrM-3 resulted in
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Fig. 4. %Reduction of Cr (VI) Removal from aqueous solution by the
combined action of Fichornia crassipes plants at different
concentrations of K;CrO, after 48 h
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Fig. 5. Total Cr (VI) Removal from aqueous solution by the combined
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action of Eichornia crassipes plants and bacterial strains after 48 h

a decrease in the concentration of chromate accumulated
by the plants due to the reduction of more soluble and
permeable Cr (V) to less permeable Cr (ITT) (Fig. 1). The
decrease in chromate uptalke at all concentrations tested
was less in case of 86 inoculation as compared to CrM-3,
because S6 is more efficient chromate reducer as
compared to CrM-3 (Fig. 4). In case of mixed culture
bacterial inoculation (Bacillus sp. + Staphylococcus sp.)
maximum reduction (21.60% at an initial Cr (V1)
concentration of 100 pug m1™) of Cr (V) to Cr (TIT) occurred
which resulted in decreased uptake of Cr (VI) in to the
plants (Fig. 1). Chrommum reduction by the plants and
bacterial strains was observed even at high level of Cr (VI)
i.e. at 2000 pg ml™. Maximum chromate reduction was
occurred at a concentration of 2000 pg ml™ in case of
mixed bacterial inoculation where 10.33 mg out of 80 mg Cr
(VT) was reduced to Cr (ITT) (Fig. 4).

Nevertheless the bacterial strains caused some decrease
1in chromate uptake mto the plants but the combined effect
of plants and bactenal strains conduce more removal of Cr
(VI) from the solution. The removal of Cr (VI) from the
solution, which was the sum of Cr (VI) accumulated,
loosely bound to plant roots and uptake and reduced by
the bacterial strams (Fig. 5). At an initial concentration of
100 pg m1™ (total available chromium 4 mg) maximum Cr
(VD) removals i.e. 1.88 mg (47%) was observed in case of
mixed strains in comparison to non-inoculated controls
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where it was 1.20 mg (30%). In all cases where bacterial
inoculum was given significantly more Cr (VI) removal
was observed as compared to non-inoculated controls. At
an initial chromate concentration of 100 ug ml™" almost
36.17% more Cr (VI) removal was observed with the
application of mixed culture bacterial inoculation (Bacillus
sp. + Staphylococcus sp.) when compared with control
(Fig. 5).

Discussion

Remediation technologies currently applicable to heavy
metal contammated sites are frequently expensive,
envircnmental invasive and do not make cost-effective
uses of existing resources. The focus of much recent worlk
exploit biological (plants and microorganisms) processes
to reduce the inherent risk associated with metal-
contaminated sites.

Ow interest in Cr (VI) accumulation by Eichornia
crassipes 1s most likely to increase not only because of its
high Cr (VI) accumulation and low cost but also because
both component 1e plants and bacteria support each
other growth and activity. From results it 1s clear that
under both controlled and inoculated conditions, amount
of Cr (VI) uptake into the plants was concentration
dependent i.e., it increases as we increase the initial Cr
(VI) concentration of solution. This also shows the
widespread adaptability of Eichornia crassipes to the
nature of effluent and explains the presence of this plant
in variety of polluted waters. The removal percentage of
Cr (VI) by Eichornia crassipes plants reduced with the
addition of different heavy metal (CuSO,, N130,, MnCl,
and Pb (NO,),) each at a concentration of 100 ug ml™.
These effects were more pronounced at lower initial
chromate concentration especially at 100 ug m1™" where as
at lngh chromate concentration the mteractive inhibition
was not pronounced.

Many factors (pH, heavy metals) can affect the uptake of
Cr (VI) by the plant roots. Hydrogen ion activity (pH) is
probably the most important factor governing metal
speciation,  solubility,  transport eventual
bioavailability of metals in aqueous solution. Experimental
results concerning the effects of different pH on the
uptake of Cr (VI) into the plants showed that the uptake
was favored at lower pHs (Fig. 3). At acidic pH the
solubility of Cr (VI) mcreased. This was significant
because the pH range for majority of effluents lies from
acidic to neutral.

and

Both bacterial strains were very efficient m the reduction
of hexavalent chromium into trivalent chromium and this
activity extenuated in the presence of Eichornia crassipes
plants. Plants can indirectly enhance the removal of Cr
(VI) by releasing exudates, which provide carbon and
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energy to sustain microbial population (Cunningham
et al., 1996). Much of the reduced chromium (trivalent
chromium) settles down as hydroxides and eventually less
available to plant roots. In the thizosphere, bacteria are
considered to be the most abundant and active members,
which influence the plant growth by different ways.
Colomzation of the thizosphere 1s known to be helpful for
bacteria, but their presence 1s also functional to the plants
especially if they produced plant growth promoting
substances (IAA) or by enhancing/mhibiting the uptake
of toxic metals by the plants. Although the amount of Cr
(VI) uptake/removed from aqueous solution by Eichornia
plants was decreased in the presence of bacterial strains,
but the overall removal of Cr (V1) by both the action of
Eichornia crassipes along with bacterial strains was more
as compared to non-inoculated control plants (Fig. 5).
These results suggested that the capacity of Eichornia
crassipestoremove Cr (V) from solution was found to be
significantly accelerated by presence of bacterial strains.
The presented bioremediation process 1s a promising step
towards
through the use bactenal strams along with Eichornia
crassipes plants.

the reclamation of industrial waste waters
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