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Abstract
The release of Chromium enriched effluent is a problem in many water bodies around leather
tannery complex in East Kolkata. In the lentic ecosystem of that area the Chromium
concentration varies between 5mg/L to 15mg/L, which is highly toxic. A maximum
acceptable concentration of 0.05 mg/L (50 µg / L) for Chromium in drinking water has been
established on the basis of health considerations. Thus it is necessary to maintain the
Chromium concentrations of these water bodies within the acceptable limits. Bioremediation
using certain hydrophytic plants can be used successfully to improve the quality of these
waters. In this investigation Lemna was grown in such Chromium contaminated system in
vitro and the plant was found to be tolerant to a maximum Chromium concentration of 60
mg/L. It also showed efficient Chromium uptake with highest efficiency of 91.67% at a
concentration of 10 mg/L in 50 hours after which the plants showed partial chlorosis but
continued to complete its life cycle. Bacteria isolated from the rhizosphere water of this plant
also showed tolerance to a maximum of 130 mg/L of Chromium concentration though its
efficiency in removing Chromium remained comparatively lower than the plant at around
65% for all different concentrations up to 50 mg/L in 12 hours. Hence they together can serve
as potential bioremediator for Chromium pollution.

Introduction
Heavy metal pollution of water bodies is a cause of major concern due to the toxic effects of
the metals on humans and other organisms.The toxicity is due to the ability of the metal ions
to bind to protein molecules and prevent replication of DNA and subsequent cell division.
The non-essential heavy metals like Cd2+, Hg2+, Cr2+ are released from many industries which
is a major cause of such pollution. Activities like metal plating, cooling tower water
treatment, hide tanning, wood preservation, production of refractory steel, chromic acid and
speciality chemicals production, electroplating cleaning agents, leather processing requires

extensive use of the heavy metal Chromium and leadsits subsequent release as effluents in the
adjacent waterbodies.Among them the leather processing or the tannery industry causes the
highest Chromium pollution in India.
A maximum acceptable concentration of 0.05 mg/L (50 µg / L) for Chromium in drinking
water has been established on the basis of health considerations [1].To avoid health hazards,
it is essential to remove these toxic heavy meals from waste water before its disposal [2]. The
conventional treatment methods used for this purpose include chemical precipitation, lime
coagulation, ion exchange, chemical oxidation, electrodialysis, ultrafiltration and solvent
extraction [3]. However, chemical processes are inefficient, energy intensive and
prohibitively expensive [4]. Phytoremediation offers an alternative, economical and effective
procedure which can be successfully used [5]. There are many plants which can tolerate the
presence of Chromium and accumulate them within the plant body in the root, stem and
leaves [6].The metals are converted into less harmful substances within the plants or to their
gaseous form which is transpired out [7]. Symbiotic bacteria associated with the rhizosphere
of such plants can also uptake Chromium in significant levels. Active research is going on to
find suitable plants which can be effectively grown in water-bodies having high Chromium
concentrations and thereby help in its removal.
Lemna is a genus of free-floating aquatic plants from the duckweed family. It grows as
asimple free-floating thalli on or just beneath the water surface. Most are small, not
exceeding 5 mm in length. The plant grows by vegetative reproduction and can rapidly
colonise new water bodies. This aquatic hydrophyte and its rhizosphere bacteria can
bioaccumulate many toxic heavy metals including Chromiumand it could be used for the bio
remediation process [8].The objectives of this study were (a) to assess the ability of the
hydrophyte and its rhizosphere bacteria to tolerate and survive in water contaminated with
Chromium; (b) to assess the level of uptakeof Chromium by both and thereby determine the
feasibility of using themin the bio-remediation process.

Materials and methods
Selection of and Sample collection: The lentic ecosystem surrounding the leather tannery
complex in east Kolkata was chosen for studying the extent of chromium pollution and
collecting
plant
and
water
samples
for
further
study
in
laboratory.
First of all, water samples were collected in plastic bottles which were deionised, distilled and
rinsed with 10% nitric acid. Then, the sample of water was filtered using 0.45 micron
cellulose acetate filters. Chromium concentrations in these water samples were measured
using the the DiphenylCarbazide Method (standard methodology according to VARIAN).
The hydrophytic plant Lemna was collected from water bodies adjacent to the tannery
complex. The plant was later grown in the laboratory in Knop’s Solution. Water samples
from the rhizosphere of Lemna plant was also collected for isolating its rhizosphere bacteria.

Propagation of plant and exposure to metals: The plant was washed properly in distilled

water and propagated vegetatively in the laboratory in Knop’s solution. Different solutions of
varying Chromium concentration was prepared up to 200 mg/L with intervals of 10 mg/L and
the plant allowed to grow in it to check its maximum tolerance level. Five different test
systems were prepared having Chromium concentrations of 10 mg/L, 20 mg/L, 30 mg/L, 40
mg/L, 50 mg/L. 5 grams (dry weight) of plant were measured and then allowed to grow in
these test systems to quantify the amount of Chromium uptake by the plants.
Determination of chromium: Water samples were collected at at intervals of one hour till 6
hours and also after 28 hours and 50 hours from all the different test systems. The chromium
concentrations in these samples were measured using the DiphenylCarbazide (DC) Method to
determine the amount of Chromium taken up by the plants.
Isolation of Rhizosphere bacteria: The rhizosphere water was serially diluted and then pour
plates were done in Nutrient Agar plates supplemented with varying amounts of Chromium
to isolate bacterial samples which can tolerate Chromium in their growth medium.
The bacterial strain isolated was Gram positive rod showing positive result in Methyl red,
Voges proskauer, Citrate utilisation, urease production test and starch hydrolysis test
but negative result in indole production test.

Chromium uptake by bacteria: Pure cultures of the isolated samples were inoculated in
nutrient agar broth in test tubes with chromium concentrations ranging from 10 mg/L to 300
mg/L to determine their highest tolerance level. Four different sets of nutrient agar broth in
test tubes with Chromium concentrations of 10 mg/L to 50 mg/L with intervals of 10 mg/L
were prepared. The four sets were analysed for Chromium concentrations after 3, 6, 9, 12
hours respectively. First, the test tubes were centrifuged at 1000 rpm for 5 minutes to
precipitate out the bacterial cells and then the remaining amount of Chromium in the growth
medium was again determined by the standard (DC) method.

Results:
Biosorption of chromium by Lemna plant: The ambient air and water temperature were
fluctuating during the whole experiment period at around 25oC – 32oC. The Lemna plant
showed tolerance towards a chromium concentration of up to 90 mg/L. At higher
concentrations the plant died within a day and showed insignificant uptake due to the
chromium concentrations becoming inhibitory for its growth. A time bound study of
chromium removal is represented in Table 1.

Table 1: Concentration (in mg/L) of chromium removed from the solution after bioabsorption
by Lemna plant:
Time
1
Initial
Chromium hour
Conc. (in
mg/L)
10
20
30
40
50

4
5.8
4
4
3

2
hour

5
8
7
6
6

3
hour

4
hour

5
hour

6
8.5
7.2
7
10

6
9.6
7.5
7.9
10

7
9.7
8
9
11

6
hour

8
10.5
9
10
11

28
hour

50
hour

percentage
uptake

8
13
11
12
11

9.5
15
16
13
12

91.67%
75%
53%
32%
24%

Uptake of chromium by Rhizosphere bacteria: The rhizosphere bacteria of this plant
showed a higher tolerance level till 130 ppm. A time bound study of the bacterial uptake of
chromium is represented in Table 2
Table 2: Concentration (in mg/L) of Chromium removed from the solution after
bioabsorption by rhizosphere bacteria associated with Lemna plant:

Time
Initial
Chromium
concentration
(in mg/L)
10 ppm
20 ppm
30 ppm
40 ppm
50 ppm

3 hrs

3
7
14
9
25

6hrs

4
7.8
14.8
21
28

9 hrs

12 hrs

percentage
uptake

5
11.1
17.6
25
31

7
13.1
20
26
33

70%
65.5%
66%
65%
66%

Discussion:
Monitoring the level of metal uptake by Lemna plant we could arrive at the following
observations. Lemna plant is capable of absorbing significant amount of chromium from the
systems at even very high concentrations. The plant removed as much as 91% Chromium at a
concentration of 10 mg/L within 50 hours. Higher Chromium concentrations did not increase
the amount of Chromium uptake by any significant amount. Hence the efficiency of removal
dropped gradually and the plant could show only a 24% uptake at the highest concentration
of 50 mg/L. The plants should gradual chlorosis of the leaves from the margin to the
periphery with time, but it continued to complete its life cycle. The chlorosis area was greater
with the initial concentrations being higher at any particular time point. The rhizosphere
bacteria of this plant though could tolerate higher concentrations of chromium was not so

efficient in its removal. It showed a maximum of only 70% removal at the lowest initial
concentration of 10 ppm. But it is significant to note that the percentage of removal remained
constant for even higher Chromium concentrations. The following graphs give us a
comparative picture of the uptake by the plant and its associated rhizosphere bacteria at
different initial starting concentrations.

Graph1: Chromium uptake by Lemna plant

Graph2: Chromium uptake by rhizosphere bacteria associated with Lemna

Conclusion
Thus we can conclude that Lemna plant and its associated rhizosphere bacteria could remove
Chromium efficiently from the test systems and hence can be effectively used for
bioremediation of the lentic ecosystems polluted with Chromium released as effluent from
the leather tannery complex.
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